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TECHNICAL FIELD OF INVENTION 

This invention relates to semiconductor diode lasers, or more specifically 
to a semiconductor diode laser called a (VCSEL) "Vertical Cavity Surface 
Emitting Laser", which is a device that uses a process known as recombina- 
tion radiation to produce laser-light emissions. These semiconductor diode 
lasers have vertical cavities, which amplify into laser emissions the photonic 
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radiation produced by a double-heterostructure active-region. Comprised, as 
a multilayered vertical structure, having a substrate, an electronic and opti- 
cally pumped double-heterostructure light-emitting diode active-region, and 
two feedback-providing contra-positioned light-reflecting structures defining 
a resonant cavity. 

BACKGROUND OF THE INVENTION 

Currently, VCSELs use, as their main photon producing structures a sin- 
gle double-heterostructure light emitting diode active-region. Typically, a 
double-heterostructure "Light Emitting Diode" (LED) is constructed from lat- 
ticed-matched extrinsic semiconductor binary materials like (GaAs) "Gallium- 
Arsenide", (InP) "Indium-Phosphide", and (GaSb) "Gallium-Antimonide". 
Additionally, a double-heterostructure LED can also be constructed from lat- 
ticed-matched extrinsic semiconductor ternary materials like (GaAlAs) "Gal- 
lium-Aluminum-Arsenide", or constructed from latticed-matched extrinsic 
semiconductor quaternary materials like (InGaAsP) "Indium-Gallium-Arsenic- 
Phosphide", and (InGaAsSb) "Indium-Gallium-Arsenic-Antimonide". Typi- 
cally, a single double-heterostructure LED active-region will contain either a 
"Single Quantum Well" (SQW) active-area (i.e., used in what is sometimes 
called a SQW laser), which is constructed from a single extrinsic semiconduc- 
tor material, or a "Multiple Quantum Well" (MQW) active-area (i.e., used in 
what is sometimes called a MQW laser), which is constructed from several 
extrinsic semiconductor materials. 

In addition, recombination produced optical-radiation emitted by current 
VCSELs is far from ideal. For example, the coherence properties of recombi- 
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nation radiation emissions produced by prior-art VCSELs is most often of 
poor quality, with their coherence measured to be somewhere between the la- 
ser radiation emitted by a low-pressure gas laser and an incoherent line- 
source. Additionally, the recombination radiation produced emissions created 
by prior-art VCSELs is not collimated, but divergent having a total diver- 
gence of about "30" degrees from a VCSEL emitter's top-surface edge. Gen- 
erally, all prior-art VCSEL designs use a cavity-external and microscopic col- 
limating lens to correct the problem of laser beam divergence. Adjustment of 
a VCSEL's divergent light-rays into collimated and parallel traveling light- 
rays is accomplished when a cavity-external collimating lens has been located 
several microns from a VCSEL emitter's top horizontal surface. 

Furthermore, to correct current VCSEL laser beam incoherence and laser 
beam divergence problems a new type of VCSEL design is required. There- 
fore, any problems presented above are substantially solved by the present in- 
vention, while any purposes presented above are realized as well in the pre- 
sent invention's Phase Conjugated Vertical Cavity Surface Emitting Laser de- 
sign, which is described in greater detail within the preferred embodiments 
written below. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a Phase Conjugated Vertical 
Cavity Surface Emitting Laser comprises a cavity folding corner-cube shaped 
prism waveguide having three internal reflecting prisms that provide a cavity 
folding transverse redirection, polarity stabilization, and a retro-reflection of 
intracavity produced fundamental photonic radiation; four electrically un- 
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isolated double-heterojunction LED structures constructed from interference 
forming nonlinear semiconductor materials (e.g., Gallium-Arsenide, Indium- 
Gallium-Arsenide, and/or Aluminum-Gallium-Arsenide) that will provide 
electronic production, optical amplification, and phase conjugated reflection 
of intracavity produced fundamental photonic radiation; and a partial reflect- 
ing feedback providing mirror structure capable of reflecting a sufficient 
amount of undiffused intracavity produced optical radiation into the laser's 
nonlinear and laser-active semiconductor material for further amplification, 
while providing an apparatus that produces frequency-selected output of 
wavelength-specific monochromic and amplified photonic radiation. 

Objects and advantages 

Accordingly, besides the objects and advantages of a phase conjugated 
vertical-cavity surface-emitting laser described in the above patent, several 
other objects and advantages of the present invention are: 

(a) To provide a phase conjugated vertical-cavity surface-emitting laser 
that creates a high output of narrow-linewidth amplified light using a cavity 
folding internal reflecting corner-cube shaped prism waveguide comprised 
from a single layer of optically transparent material; 

(b) To provide a phase conjugated vertical-cavity surface-emitting laser 
that is inexpensive to manufacture, because it has eliminated the expensive 
epitaxial deposition of a primary quarterwave mirror stack assembly com- 
prised as an multitude of quarterwave thick epitaxial deposited alternating 
layers that are constructed from refractive opposing materials and replaced it 

with a single corner-cube shaped prism waveguide, which is constructed from 
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a single inexpensive layer of sputter or epitaxially deposited optically trans- 
parent material; 

(c) To provide a phase conjugated vertical-cavity surface-emitting laser 
that uses two graded confinement cladding-layers to generate higher-output of 
laser emissions; 

(d) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which produces a more effective output gain by using two graded confinement 
cladding-layers within each active-region to lower the heat produced by elec- 
trical resistance that occurs between current conducting contact-layers and 
their adjacent cladding-layers; 

(e) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which increases optical confinement with the addition of total internal re- 
flecting cladding material to the surrounding vertical and outermost wall sur- 
faces of the phase conjugated vertical-cavity surface-emitting laser's folded 
vertical-cavity(s); 

(f) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which can be configured and controlled as a single phase conjugated vertical- 
cavity surface-emitting laser device; 

(g) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which can be configured as a single phase conjugated vertical-cavity surface- 
emitting laser-array comprising a multitude of phase conjugated vertical- 
cavity surface-emitting lasers, which can be controlled as a single group of 
phase conjugated vertical-cavity surface-emitting lasers or controlled as a 
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single group of independently controlled phase conjugated vertical-cavity sur- 
face-emitting lasers; 

(h) To provide a phase conjugated vertical-cavity surface-emitting laser 
or a phase conjugated vertical-cavity surface-emitting laser-array, which can 
be manufactured at the same time, as a single integrated semiconductor de- 
vice, using the same semiconductor and substrate material used to construct 
the laser-array's control-circuitry; 

(j) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which replaces a primary quarterwave mirror-stack assembly with a corner- 
cube prism waveguide, if comprised of quartz or fused silica, will totally re- 
flect one-hundred percent all frequencies of optical radiation that enters the 
waveguide's top horizontally-flat front-face surface; 

(k) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which inexpensively constructs its corner-cube shaped prism waveguide using 
a well-known reactive ion-milling process to slice out the waveguide's prism 
facet(s); 

(1) To provide a phase conjugated vertical-cavity surface-emitting laser 
that can deposit a dielectric material like fused-silica onto any construction 
material that might be used to construct any frequency producing semiconduc- 
tor diode or combination thereof that could possibly be used to construct a 
phase conjugated vertical-cavity surface-emitting laser or a phase conjugated 
vertical-cavity surface-emitting laser-array; 

(m) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which uses an amorphous material like "Lithium-Fluoride" (LiF) to create an 
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optical cladding-layer, which is deposited around each vertical-cavity or cavi- 
ties of each phase conjugated vertical-cavity surface-emitting laser, creating a 
structure providing for the total internal reflection of intracavity produced 
light, thermal dispersive, and additional support to a phase conjugated verti- 
cal-cavity surface-emitting laser's corner-cube prism waveguide structure(s); 

(n) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which increases its output, while maintaining a narrow line-width for its out- 
put emissions(s); 

(o) To provide a phase conjugated vertical-cavity surface-emitting laser 
that can use an intracavity four-wave mixing geometry that promotes the pro- 
duction of distortion and dispersion free high-power laser output emissions; 

(p) To provide a phase conjugated vertical-cavity surface-emitting laser 
that can use an intracavity six-wave mixing geometry that promotes the pro- 
duction of distortion and dispersion free high-power laser output emissions; 

(q) To provide a phase conjugated vertical-cavity surface-emitting laser 
that uses two concave shaped active-regions and two planar shaped active- 
regions to successfully implement intracavity four-wave mixing to promote 
within the laser's vertical-cavity the production of a phase conjugated mirror; 

(r) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which will produce an increase of nearly 15-mW to its output emissions; 

(s) To provide a phase conjugated vertical-cavity surface-emitting laser, 
which increases gain to its laser emission output by using a nonlinear laser- 
active gain medium material like Gallium-Arsenide in the construction of its 

four active-region double-heterostructure LEDs. 
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Further objects and advantages are provided below for the present inven- 
tions phase conjugated vertical-cavity surface-emitting laser. While, the se- 
lection of one semiconductor or optical material over another for use in the 
construction of a PCVCSEL's active-regions, corner-cube prism waveguide, 
and quarterwave mirror-stack assembly is not determined by any structural 
need or lattice compatibility, but is determined by a particular application's 
need for laser output of a specific wavelength. The materials used in the con- 
struction of the present invention are presented here only as the preferred ex- 
ample of a group of several wavelength specific materials that might be used 
in the construction of the present invention's wavelength transcendent multi- 
layered structures. A PCVCSEL's novel features and un-obvious properties 
lay within its 'phase-conjugating 1 structures, and because they can exist 
and/or can occur using different wavelength specific semiconductor and/or 
optical materials shows that the various structures that comprise a PCVCSEL 
have sufficient novelty and a non-obviousness that is independent of any one 
particular semiconductor or optical material that might or could be used in its 
construction. 

Still further, objects and advantages will become apparent from a consid- 
eration of the ensuing description and drawings. 

An additional object, used in the present invention is an internal reflect- 
ing corner-cube prism waveguide, which can be constructed, for example, 
from (Si02) "Fused Silica" a material that retro-reflects "100" percent any 
optical radiation with a wavelength between "150" nanometers and "4" mi- 
crometers that enters its top front-face surface. A corner-cube prism 

waveguide is exactly what its name implies, a waveguide having the shape of 
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a cube's corner that is cut off orthogonal to one of its triad (i.e., body- 
diagonal) axes, which uses internal reflection as its means for redirecting op- 
tical radiation. Wherein, the front-face surface of the resultant prism 
waveguide would typically have the shape of the invention's vertical-cavity, 
and plane-parallel to a PCVCSEL's secondary reflector, which typically com- 
prises of an epitaxially deposited quarterwave mirror-stack assembly con- 
structed from optical materials of opposed refractive indices. 

Moreover, as the result of three totally internal reflections, a corner- 
cube's three prism facets form a waveguide that redirects any incident light- 
rays backward toward their original direction no matter what angle of inci- 
dence the previously mentioned light-rays had when they entered the front- 
face surface of the corner-cube prism waveguide. Retro-reflected light-rays 
are shifted laterally by an amount that depends on a light-ray's angle of inci- 
dence and point of entry upon the front-face surface of the corner-cube prism 
waveguide. The location of the internal retro-reflecting corner-cube prism 
waveguide is at the base of a PCVCSEL's vertical-cavity. Furthermore, not 
only does the corner-cube prism waveguide replace the primary quarterwave 
DBR mirror-stack assembly normally used in current prior-art VCSEL designs 
with a structure comprising of a single layer, but with a structure that also 
functions to stabilize the polarity of a PCVCSEL's laser-light output emis- 
sions. 

An additional object, used in the present invention is the symmetry and 

layout of a PCVCSEL's four electrically un-isolated active-regions and the 

other layered materials that make up the rest of its vertical-cavity. It should 

be understood, however, that the process of intracavity four-wave mixing in 
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the production of phase-conjugation and its distortion removing properties 
can be created using any wavelength of optical radiation made possible 
through existing semiconductor diode laser technologies. 

Consequently, since the phase-conjugation process is independent of any 
particular wavelength of optical radiation it must also be independent of any 
particular wavelength determined material as well. Therefore, the choice be- 
tween semiconductor materials used in a PCVCSEL f s construction is pre- 
sented here only to show that the PCVCSEL's design has sufficient novelty. 

In addition, is a PCVCSEL's first contact-layer, which is constructed 
from a highly p+ doped (GaAs) "Gallium-Arsenide" binary material, and lo- 
cated above the top outermost surface of the PCVCSEL's corner-cube prism 
waveguide's normal horizontal and circular front-face surface. 

In addition, is a PCVCSEL's first cladding-layer, which is constructed 
from a P-doped concentrically-graded (GaAlAs) "Gallium-Aluminum- 
Arsenide" ternary material, and epitaxially deposited upon the top outermost 
surface of the PCVCSEL's first contact-layer. 

In addition, is a PCVCSEL's first active-area (i.e., called pump 1), which 
is comprised either as a "Single Quantum Well" (SQW) constructed from 
(GaAs) "Gallium-Arsenide", or as a "Multiple Quantum Well" (MQW) having 
six quantum wells constructed from (GaAs) "Gallium-Arsenide" and seven 
quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide". The layers that makeup the active-area's MQW are to 
be epitaxially deposited, one layer upon the other, using the top outermost 
surface of the PCVCSEL's first cladding-layer to commence deposition. 
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In addition, is a PCVCSEL's second cladding-layer, which is constructed 
from a concentrically-graded N-doped (GaAlAs) "Gallium-Aluminum- 
Arsenide" ternary material, and epitaxially deposited upon the top outermost 
surface of the last layer comprising the PCVCSEL's first active-area (i.e., 
called pump 1). 

In addition, is a PCVCSEL's second contact-layer, which is comprised 
from a highly n+ doped (GaAs) "Gallium- Arsenide" binary material, and epi- 
taxially deposited upon the top outermost surface of the PCVCSEL's second 
cladding-layer. 

In addition, is a PCVCSEL's third cladding-layer, which is constructed 
from a concentrically-graded N-doped (GaAlAs) "Gallium-Aluminum- 
Arsenide" ternary material, and epitaxially deposited upon the top outermost 
surface of the PCVCSEL's second contact-layer. 

In addition, is a PCVCSEL's second active-area (i.e., called probe 1), 
which is comprised either as a "Single Quantum Well" (SQW) constructed 
from (GaAs) "Gallium-Arsenide", or as a "Multiple Quantum Well" (MQW) 
having three quantum wells constructed from (GaAs) "Gallium-Arsenide" and 
four quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide". The seven coplanar layers that makeup a active-area's 
MQW are to be epitaxially deposited, one layer upon the other, using the top 
outermost surface of the PCVCSEL's third cladding-layer to commence depo- 
sition. 

In addition, is a PCVCSEL's fourth cladding-layer, which is constructed 
from a concentrically-graded P-doped (GaAlAs) "Gallium-Aluminum- 
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Arsenide" ternary material, and epitaxially deposited upon the top outermost 
surface of the last layer comprising the PCVCSEL's second active-area (i.e., 
called probe 1). 

In addition, is a PCVCSEL's third contact-layer, which is constructed 
from a highly p+ doped (GaAs) "Gallium-Arsenide" binary material, and epi- 
taxially deposited upon the top outermost surface of the PCVCSEL's fourth 
cladding-layer. 

In addition, is a PCVCSEL's fifth cladding-layer, which is constructed 
from a concentrically-graded P-doped (GaAlAs) "Gallium-Aluminum- 
Arsenide" ternary material, and epitaxially deposited upon the top outermost 
surface of the PCVCSEL's third contact-layer. 

In addition, is a PCVCSEL's third active-area (i.e., called probe 2), 
which is comprised either as a "Single Quantum Well" (SQW) constructed 
from (GaAs) "Gallium-Arsenide", or as a "Multiple Quantum Well" (MQW) 
having three quantum wells constructed from (GaAs) "Gallium-Arsenide" and 
four quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide". The seven coplanar layers that makeup an active-area's 
MQW are to be epitaxially deposited, one layer upon the other, using the top 
outermost surface of the PCVCSEL's fifth cladding-layer to commence depo- 
sition. 

In addition, is a PCVCSEL's sixth cladding-layer, which is constructed 
from a concentrically-graded N-doped (GaAlAs) "Gallium-Aluminum- 
Arsenide" ternary material, and epitaxially deposited upon the top outermost 
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surface of the last layer comprising the PCVCSEL's third active-area (i.e., 
called probe 2). 

In addition, is a PCVCSEL's fourth contact-layer, which is constructed 
from a highly n+ doped (GaAs) "Gallium-Arsenide" binary material, and epi- 
taxially deposited upon the top outermost surface of the PCVCSEL's sixth 
cladding-layer. 

In-addition, is a PCVCSEL's seventh cladding-layer, which is con- 
structed from a N-doped concentrically-graded (GaAlAs) "Gallium- 
Aluminum-Arsenide" ternary material, and epitaxially deposited upon the top 
outermost surface of the PCVCSEL's fourth contact-layer. 

In addition, is a PCVCSEL's fourth active-area (i.e., called pump 2), 
which is comprised either as a "Single Quantum Well" (SQW) constructed 
from (GaAs) "Gallium-Arsenide", or as a "Multiple Quantum Well" (MQW) 
having six quantum wells constructed from (GaAs) "Gallium-Arsenide" and 
seven quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide". The thirteen layers that makeup an active-area's MQW 
are to be epitaxially deposited, one layer upon the other, using the top outer- 
most surface of the PCVCSEL's fourth cladding-layer to commence deposi- 
tion. 

In addition, is a PCVCSEL's eighth cladding-layer, which is constructed 
from a concentrically-graded P-doped (GaAlAs) "Gallium-Aluminum- 
Arsenide" ternary material, and epitaxially deposited upon the top outermost 
surface of the last layer comprising the PCVCSEL's fourth active-area (i.e., 
called pump 2). 
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In addition, is a PCVCSEL's fifth contact-layer, which is comprised from 
a highly p+ doped (GaAs) "Gallium-Arsenide" binary material, and epitaxi- 
ally deposited upon the top outermost surface of the PCVCSEL's eighth clad- 
ding-layer. 

In addition, is a semi-reflecting quarterwave DBR mirror-stack assembly, 
which is made from a plurality of alternating layers, or more specifically a 
plurality of one or more layers of (Si02) "Fused Silica" and one or more lay- 
ers of (ZnO) "Zinc-Oxide". For example, a layer of (Si02) "Fused Silica" is 
epitaxially deposited upon the top outermost surface of a PCVCSEL's fifth 
and last contact-layer. Additionally, with a layer (ZnO) "Zinc-Oxide" subse- 
quently and epitaxially deposited upon the top outermost surface of the previ- 
ously deposited (Si02) "Fused Silica" layer; thereby, making a mirror pair of 
(Si02/ZnO) reflectors. 

Furthermore, if additional mirror-pairs are required, several more layers 
of additional mirror-pairs can be deposited upon the existing layers of (Si02) 
"Fused Silica" and (ZnO) "Zinc-Oxide". The plurality of alternating layers 
that make-up a PCVCSEL's quarterwave DBR mirror-stack assembly is formed 
from one mirror pair to ten mirror pairs, with a preferred number of mirror 
pairs ranging from four to five mirror pairs. 

An additional object of the present invention is its ability to create 
phase-conjugated, convergent, distortion free (i.e., reversal of intracavity dis- 
tortions like diffraction, divergence, and light-scattering), and collimated 
(i.e., plane-parallel phase fronts) laser output emissions. Accomplished, us- 
ing what is called intracavity degenerative four-wave mixing (i.e., called 
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four-wave mixing because there are four separate frequencies of phase- 
matched laser light involved in the phase-conjugate process that occurs within 
the present invention), which occurs within the thin nonlinear semiconductor 
materials used to construct a PCVCSEL's double-heterostructure active- 
region diodes. 

Moreover, the previously mentioned nonlinear semiconductor materials 
are naturally located at the center of a PCVCSEL's vertical-cavity, where 
wave-fronts produced by the PCVCSEL's two laser pumps (i.e., called Pump 1 
and Pump 2) will intersect with wave-fronts produced by the PCVCSEL's two 
laser probes (i.e., called Probe 1 and Probe 2) causing to form therein, small 
and large spatial interference-gratings, which will ultimately form within the 
PCVCSEL's vertical-cavity what is sometimes called f a phase-conjugate mir- 
ror 1 . 

Furthermore, the semiconductor materials used in constructing a 
PCVCSEL's vertical-cavity must exhibit a nonlinear property called "third- 
order susceptibility", which is necessary for the production of a "phase- 
conjugate mirror". Additionally, materials that exhibit nonlinear third-order 
susceptibilities are not limited to semiconductors like (GaAs) "Gallium- 
Arsenide", (InAs) "Indium-Arsenide", (InP) "Indium-Phosphide", and (GaSb) 
"Gallium-Antimonide"; binary semiconductor materials that have the Cubic 
crystal-symmetry of , class-F43m f and a space-group of "216". 

Moreover, nonlinear third-order susceptibilities are also exhibited in 
photo-refractive materials like (KDP) "Potassium-Dihydrogen-Phosphate", 
and (ADP) "Ammonium-Dihydrogen-Phosphate"; photo-refractive materials 
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that have the Tetragonal crystal-symmetry of 'class-142d ! and a space-group 
of "122". 

Therefore, photo-refractive materials exhibiting nonlinear third-order 
susceptibilities can also be deposited at the center of a PCVCSEL's vertical- 
cavity and used as the nonlinear material that produces phase-conjugated, 
convergent, and distortion free laser output emissions. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

In the drawings, closely related figures have the same number, but dif- 
ferent alphabetic suffixes: 

Fig 1 is a "60" degree 3D isometric top side-view drawing of a mesa- 
etched VCSEL having one active-region and two plane parallel Bragg reflec- 
tors, shown as prior-art. 

Fig 2 is a "30" degree 3D isometric top side-view drawing of a mesa- 
etched VCSEL having one active-region and two plane parallel Bragg reflec- 
tors, shown as prior-art. 

Fig 3 is an orthographic side-view section "A-A" drawing of a mesa- 
etched VCSEL, illustrated as having one active-region and two plane parallel 
Bragg reflectors, while displaying the VCSEL's multi-layered structures and 
design configurations, shown as prior-art. 

Fig 4 is an orthographic plan-view drawing of a linear array of seven 
mesa-etched VCSELs, illustrating emitter diameter, layout spacing, and cen- 
terline dimensions, shown as prior-art. 
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Fig 5 is a "30" degree 3D isometric top-right side-view drawing of four 
mesa-etched VCSELs, illustrating emitter diameter and centerline-to- 
centerline dimensions, shown as prior-art. 

Fig 6 is a "30" degree 3D isometric top-left side-view drawing of four 
mesa-etched VCSELs, illustrating an alternate elliptical shapes and center- 
line-to-centerline dimensions, shown as prior-art. 

Fig 7 is a "60" degree 3D isometric top side-view drawing of mesa- 
etched PCVCSEL, illustrating four MQW active-regions, one plane-parallel 
mirror-stack assembly, and one internal reflecting corner-cube prism 
waveguide. 

Fig 8 is a "30" degree 3D isometric top side-view drawing of mesa- 
etched PCVCSEL, illustrating four MQW active-regions, one plane-parallel 
mirror-stack assembly, and one internal reflecting corner-cube prism 
waveguide. 

Fig 9 is an orthographic side-view section "B-B" drawing of a mesa- 
etched PCVCSEL, illustrated as having four MQW active-regions, one plane- 
parallel mirror-stack assembly, and one internal reflecting corner-cube prism 
waveguide, displaying the PCVCSEL's multi-layered configuration. 

Fig 10 is an orthographic plan-view drawing of a linear array of seven 
mesa-etched PCVCSELs, illustrating each PCVCSEL device having four 
MQW active-regions, one plane-parallel mirror-stack, and one internal re- 
flecting corner-cube prism waveguide, while displaying PCVCSEL emitter di- 
ameter, layout spacing, and centerline dimensions, as well. 
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Fig 11 is a 3D isometric top-right side-view drawing of four mesa-etched 
PCVCSELs, illustrating PCVCSEL emitter diameters and centerline-to- 
centerline dimensions. 

Fig 12 is a 3D isometric top-left side-view drawing of four mesa-etched 
PCVCSELs, illustrating PCVCSEL emitter diameters and centerline-to- 
centerline dimensions. 

Fig 13 is a ray-tracing block diagram, displaying a typical geometry for 
prior-art degenerate four-wave phase-conjugate mixing. 

Fig 14 is a ray-tracing block diagram, displaying a four-wave phase- 
conjugate mixing configuration for the PCVCSEL design. 

Fig 15 is a ray-tracing logic diagram, displaying the phase-conjugate six- 
wave mixing as it occurs within a PCVCSEL device, demonstrating the pro- 
duction of two intracavity plane-parallel phase-conjugated distortion free 
wave-fronts. 

Fig 16 is a "30" degree 3D isometric top front-view drawing of a 
PCVCSEL's internal reflecting corner-cube prism waveguide, which also il- 
lustrates the corner-cube prism waveguide's process of internal light retro- 
reflection using a ray-trace diagram. 

Fig 17 is an orthographic plan-view drawing of a PCVCSEL's internal 
retro-reflecting corner-cube prism waveguide, illustrating the corner-cube 
prism waveguide's process of internal light retro-reflection using a plan- 
viewed ray-trace diagram. 
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Fig 18 is a close-up sectional view drawing of a PCVCSEL's first active- 
region (i.e., called Pump 1). 

Fig 18A is an auxiliary close-up sectional view drawing of a PCVCSEL's 
first active-area, displayed edge-on at its circumference. 

Fig 18B is an auxiliary close-up sectional view drawing of a PCVCSEL's 
second cladding-layer, displayed edge-on at its circumference. 

Fig 18C is an auxiliary close-up sectional view of a PCVCSEL's first 
cladding-layer, displayed edge-on at its circumference. 

Fig 19 is a close-up sectional view drawing of a PCVCSEL's fourth ac- 
tive-region (i.e., called Pump 2). 

Fig 19A is an auxiliary close-up sectional view drawing of a PCVCSEL's 
eighth cladding-layer, displayed edge-on at its circumference. 

Fig 19C is an auxiliary close-up sectional view drawing of a PCVCSEL's 
fourth active-area, displayed edge-on at its circumference. 

Fig 19B is an auxiliary close-up sectional view drawing of a PCVCSEL's 
seventh cladding-layer, displayed edge-on at its circumference. 

Fig 20 is a close-up sectional view drawing of a PCVCSEL's second ac- 
tive-region (i.e., called Probe 1). 

Fig 20A is auxiliary close-up sectional view drawing of a PCVCSEL's 
second active-area, displayed edge-on at its circumference. 

Fig 21 is a close-up sectional view drawing of a PCVCSEL's third ac- 
tive-region (i.e., called Probe 2). 
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Fig 21 A is auxiliary close-up sectional view drawing of a PCVCSEL's 
third active-area, displayed edge-on at its circumference. 

Reference Numerals in Drawings 

In the drawings, closely related reference numerals have the same num- 
ber but different alphabetic suffixes (i.e., not shown below): 



01 


prior-art substrate. 




02 


prior-art buffer-layer. 




03 


prior-art first quarterwave mirror stack assembly. 




04 


prior-art +n-doped contact-layer. 




05 


prior-art n-metal contact-ring. 




06 


prior-art n-metal contact. 




07 


prior-art active-area comprised as a SQW or MQW. 




08 


prior-art +p-doped contact-layer. 




09 


prior-art p-metal contact-ring. 




10 


prior-art p-metal contact. 




11 


prior-art second quarterwave mirror stack assembly. 




12 


prior-art emitter layer. 




13 


corner-cube shaped prism waveguide. 




14 


first +n-doped contact-layer. 




15 


first active-area comprised as a SQW or MQW (i.e., 


pump 1). 


16 


first +p-doped contact-layer. 




17 


second active-area comprised as a SQW or MQW (i. 


e., probe 1). 


18 


second +n-doped contact-layer. 




19 


third active-area comprised as a SQW or MQW (i.e.. 


, probe 2). 
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20 second +p-doped contact-layer. 

21 fourth active-area comprised as a SQW or MQW (i.e., pump 2). 

22 third +n-doped contact-layer. 

23 first and only quarterwave mirror stack assembly. 

24 emitter layer. 

25 optical cladding material. 

26 grating produced phase conjugate mirror. 

27 light-rays created by active-region four (i.e., pump 2). 

28 light-rays created by active-region one (i.e., pump 1). 

29 light-rays created by active-region two (i.e., probe 1). 

30 light-rays created by active-region four (i.e., pump 2). 

31 light-rays reflected to corner-cube prism by phase conjugate mirror. 

32 light-rays created by active-region three (i.e., probe 2). 

33 light-ray traveling through corner-cube prism waveguide. 

34 first active-area's quantum well cladding-layers. 

35 first active-area's quantum wells. 

36 second cladding-layer's boundary areas of gradual gradient change. 

37 second cladding-layer's boundary lines of gradual gradient change. 

38 first cladding-layer's boundary areas of gradual gradient change. 

39 first cladding-layer's boundary lines of gradual gradient change. 

40 fourth active-area's quantum well cladding-layers. 

41 fourth active-area's quantum wells. 

42 seventh cladding-layer's boundary areas of gradual gradient change. 

43 seventh cladding-layer's boundary lines of gradual gradient change. 

44 eighth cladding-layer's boundary areas of gradual gradient change. 
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45 eighth cladding-layer's boundary lines of gradual gradient change. 

46 pump 1 for prior-art four-wave mixing. 

47 pump 2 for prior-art four-wave mixing. 

48 probe 1 for prior-art four-wave mixing. 

49 probe 2 for prior-art four-wave mixing. 

50 nonlinear medium for prior-art four-wave mixing. 

51 spatial-gratings for prior-art four-wave mixing. 

52 conjugate laser-beam 2 for prior-art four-wave mixing. 

53 probe laser-beam 2 for prior-art four-wave mixing. 

54 probe laser-beam 1 for prior-art four-wave mixing. 

55 conjugate laser-beam 1 for prior-art four-wave mixing. 

56 pump laser-beam 1 for prior-art four-wave mixing. 

57 pump laser-beam 2 for prior-art four-wave mixing. 

58 location of z=0 for prior-art nonlinear medium. 

59 location of z=l for prior-art nonlinear medium. 

60 pump 1 for present invention four-wave mixing. 

61 pump 2 for present invention four-wave mixing. 

62 probe 1 for present invention four-wave mixing. 

63 probe 2 for present invention four-wave mixing. 

64 nonlinear medium for present invention four-wave mixing. 

65 spatial-gratings for present invention four-wave mixing. 

66 location of z=l for present invention nonlinear medium. 

67 location of z=0 for present invention nonlinear medium. 

68 pump laser-beam 1 for present invention four-wave mixing. 

69 pump laser-beam 2 for present invention four-wave mixing. 
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70 probe laser-beam 1 for present invention four-wave mixing. 

71 probe laser-beam 2 for present invention four-wave mixing. 

72 conjugate laser-beam 1 for present invention four-wave mixing. 

73 conjugate laser-beam 2 for present invention four-wave mixing. 

74 total-reflecting mirror for present invention four-wave mixing. 

75 partial-reflecting mirror for present invention four-wave mixing. 

76 laser light reflected by partial-reflecting mirror. 

77 laser light reflected by total-reflecting mirror. 

78 second active-area's quantum well cladding-layers. 

79 second active-area's quantum wells. 

80 third active-area's quantum well cladding-layers. 

81 third active-area's quantum wells. 

DESCRIPTION - Preferred Embodiment 

In order to better understand the differences between the PCVCSEL de- 
sign and currently used prior-art VCSEL designs, examples of prior-art 
VCSEL design are presented in Figs 1 and 2 as 3D as isometric top side-view 
drawings, which illustrate a VCSEL technology that uses (e-h) "elec- 
tron/hole" recombination radiation to urge the production of laser light emis- 
sions having a wavelength range between "200" to "850" nanometers. 

Furthermore, as illustrated in Fig 3, an "A-A" cross-section of an prior- 
art VCSEL design displays different extrinsic semiconductor layers as various 
horizontally deposited material levels, which are built-up layer upon layer us- 
ing existing (MBE) "Molecular Beam Epitaxy" or (MOVPE) "Metal-Organic 
Vapor-Phase Epitaxy" manufacturing methods. 
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In addition, currently used prior-art VCSEL devices typically have a me- 
tallic supporting substrate, which is used as a back-reflector mirror, while 
providing a base-structure for the MBE and/or MOVPE growth of the prior-art 
VCSEL laser device 1 (Figs 1, 2, and 3). This metallic base-structure 1 (Figs 
1, 2, and 3), while conductive, as an alternative embodiment also serves as an 
electrode, which is composed of a (Ni-Al) "Nickel-Aluminum" alloy-mixture 
having between a "8.0" to "12.0" percent material lattice-mismatch, more 
specifically a "10" percent material lattice-mismatch to (GaN) "Gallium- 
Nitride" binary semiconductor materials. 

Nevertheless, (Ni-Al) "Nickel-Aluminum" is the preferred alloy-mixture 
for this kind of metallic base-structure, therein having a surface roughness of 
less than "15" atoms thick, the (Ni-Al) "Nickel-Aluminum" alloy-mixture ex- 
hibits a highly reflective property. 

In addition, as illustrated in Fig 3, is a layer-by-layer MBE and/or 
MOVPE growth of an (A1N) "Aluminum-Nitride" material, while being only a 
few atoms thick can also be utilized as a buffer layer 2 (Figs 1, 2, and 3) for 
facilitating the MBE and/or MOVPE growth of the many subsequent material 
layers that will eventually comprise a mesa-etched prior-art VCSEL device. 

In addition, as shown by prior-art a short-wavelength VCSEL design will 
have its first "Distributed Bragg Reflector" (DBR) mirror-stack assembly 3 
(Figs 1, 2, and 3) grown epitaxially upon the top outermost surface of the last 
layer comprising a multi-layered buffer 2 (Figs 1, 2, and 3) using any suitable 
epitaxial deposition method, such as the MBE and/or MOVPE growth meth- 
ods. For example, a primary quarterwave DBR mirror-stack assembly, as 
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shown in prior-art VCSEL design 3 (Figs 1, 2, and 3), would be composed of 
alternating layers of n-doped (GaN) "Gallium-Nitride" 3A (Fig 3) and N- 
doped (AlGaN) "Aluminum Gallium Nitride" 3B (Fig 3); thereby, making a 
mirror pair or one pair of (AlGaN/GaN) mirror-stacks, or more precisely these 
two alternating refractive material layers would complete one "mirror-pair". 

Moreover, if additional mirror pairs are required, several more layers can 
be epitaxially deposited upon the top outermost surface of the last existing 
mirror pair's topmost layer producing therein, additional mirror pairs, while 
the preferred number of mirror pairs will range from five to ten mirror pairs 
per mirror-stack 3A, 3B (Fig 3), 3C, 3D (Fig 3), 3E, 3F (Fig 3), 3G, 3H (Fig 
3). 

Moreover, a secondary semi-reflecting quarterwave DBR mirror-stack as- 
sembly, as shown in prior-art VCSEL design 11 (Figs 1, 2, and 3), is com- 
posed of alternating layers of (A1203) "Aluminum-Oxide" 11A (Fig 3) and 
(ZnO) "Zinc-Oxide" 11B (Fig 3); thereby, making a mirror pair or one pair of 
(A1203/ZnO) mirror-stacks, or more precisely these two alternating refractive 
material layers completes one "mirror-pair". 

Moreover, if additional mirror pairs are required, several more layers can 
be epitaxially deposited upon the top outermost surface of the last existing 
mirror pair's topmost layer producing therein, additional mirror pairs, while 
the preferred number of mirror pairs will range from five to ten mirror pairs 
per mirror-stack assembly 11A, 11B (Fig 3), 11C, 11D (Fig 3), HE, 11F (Fig 
3), 11G, 11H (Fig 3), 111, 12 (Fig 3). 
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Furthermore, it should be understood that the thickness and doping level 
of each layer within prior-art VCSELs is precisely controlled. Any deviation 
from the designed parameters no matter how slight will effect a VCSEL's per- 
formance (i.e., frequency range, flux intensity). 

For example, a prior-art VCSEL device, if designed to emit laser-light at 
a wavelength of "200" nanometers, would need to have the thickness of each 
epitaxially deposited layer of the refractive opposed material used to con- 
struct the device's secondary DBR mirror-stack assembly 11 (Figs 1, 2, and 3) 
to be "50" nanometers or one-quarter of one wavelength of the VCSEL's out- 
put emissions 12 (Figs 1, 2, and 3). 

Furthermore, the doping of currently used prior-art VCSEL devices is 
accomplished by the addition of various dopant materials (e.g., n-type 
dopants and p-type dopants) to the epitaxial materials that are used for the 
VCSEL's epitaxial deposition. Currently, prior-art VCSEL devices use many 
different dopant concentrations of specific dopant materials within the differ- 
ent extrinsic semiconductor layers that make up their structures. 

For example, the multiple layers that comprise a prior-art VCSEL's pri- 
mary quarterwave DBR mirror-stack assembly 3 (Figs 1, 2, and 3) could be 
made n-type conductive when doped with "Selenium" or "Silicon" in a con- 
centration ranging from "1E15" to "1E20" cubic-centimeters, with a preferred 
range from "1E17" to "1E19" cubic centimeters, while a nominal concentra- 
tion range would be from "5E17" to "5E18" cubic centimeters 3 (Figs 1, 2, 
and 3). 
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Furthermore, the percentage of composition in a prior-art VCSEL's pri- 
mary quarterwave DBR mirror-stack assembly 3 (Figs 1, 2, and 3) can be 
stated as (Al x Ga x N / GaN), where x is the variable of "0.05" to "0.96", 
while in a preferred embodiment x being greater than "0.8". Once the plural- 
ity of alternated refractive material layers used in constructing a primary 
quarterwave DBR mirror-stack assembly 3 (Figs 1, 2, and 3) has been depos- 
ited upon the top outermost surface of a VCSEL's buffer layer 2 (Figs 1, 2, 
and 3), then can a first contact-layer 4 (Figs 1, 2, and 3), constructed from a 
highly n+ doped (GaN) "Gallium-Nitride" material be epitaxially grown upon 
the top outermost surface of the last deposited layer of the primary quarter- 
wave DBR mirror-stack assembly 3 (Figs 1, 2, and 3). 

Moreover, as shown by prior-art, a VCSEL's first contact layer 4 (Figs 1, 
2, and 3) provides connectivity to the VCSEL's n-metal contact 5 (Figs 1, 2, 
and 3), but also enhances the reliability of the VCSEL's design by preventing 
the migration of carrier-dislocations and the like to the VCSEL's active- 
region. 

In addition, to prevent the overcrowding and confusion of illustrating the 
multiple cladding-layers typical of prior-art VCSEL designs 7 (Figs 1, 2, and 
3), each cladding-layer is illustrated as a single layer 7A, 7C (Fig 3). It 
should be understood that each cladding-layer could be made of more than 
one layer, where each additional cladding-layer is epitaxially deposited onto a 
previously deposited cladding-layer. Each cladding-layer 7A, 7C (Fig 3) is 
composed from any suitable doped or un-doped material such as N-doped or 
P-doped (AlGaN) "Aluminum-Gallium-Nitride" ternary semiconductor mate- 
rial. 
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In addition, a prior-art VCSEL's active-area 7B (Fig 3) is represented 
here by a single layer or "Single Quantum Well" (SQW), which is epitaxially 
deposited upon the top and outermost surface of the previously deposited 
cladding-layer 7A (Fig 3). For example, a prior-art VCSEL's active-area 7B 
(Fig 38) could be constructed from p-doped (InGaN) "Indium-Gallium- 
Nitride" extrinsic ternary semiconductor material. It should be understood 
that currently used prior-art VCSEL's could have an active-area 7B (Fig 3) 
comprised as an "Multiple Quantum Well" (MQW), which would include one 
or more quantum well cladding-barriers and quantum-wells, in particular a 
first quantum-well cladding-barrier and a second quantum-well cladding- 
barrier with a quantum-well positioned between the first barrier layer and the 
second barrier layer. 

In addition, a second contact-layer 8 (Figs 1, 2, and 3), which is con- 
structed from a highly p+ doped (GaN) "Gallium-Nitride" extrinsic binary 
material, and epitaxially grown upon the top outermost surface of a prior-art 
VCSEL's second cladding-layer 7C (Fig 3). The second contact-layer pro- 
vides positive connectivity to prior-art VCSELs p-metal contact 9 (Figs 1, 2, 
and 3). 

In addition, currently used prior-art VCSEL configurations also use a 
secondary quarterwave DBR mirror-stack assembly, which is comprised as a 
plurality of epitaxially deposited quarterwave plates that were alternately 
constructed using materials having opposed refractive indices 11, 12 (Figs 1, 
2, and 3). 
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Moreover, the plurality of alternating layers 11A, 11B, 11C, 11D, HE, 
11F, 11G, 11H, HI, 12 (Fig 3) include one or more layers of (A1203) "Alu- 
minum-Oxide" material, illustrated as layers HA, 11C, HE, 11G, HI (Fig 
3), and one or more layers of (ZnO) "Zinc-Oxide" material, illustrated as lay- 
ers HB, 11D, 11F, 11H, 12 (Fig 3). For example, a layer of (A1203) "Alu- 
minum-Oxide" is epitaxially deposited upon the top outermost surface of a 
prior-art VCSEL's second contact-layer 8 (Figs 1, 2, and 3), while a layer of 
(ZnO) "Zinc-Oxide" is subsequently and epitaxially deposited upon the top 
outermost surface of the previously deposited (A1203) "Aluminum-Oxide" 
layer; thereby, making a mirror pair of (A1203/ZnO) reflectors. If additional 
mirror-pairs are required, several more layers, which are used to make-up ad- 
ditional mirror-pairs, can be deposited onto the existing and alternated layers 
of (A1203) "Aluminum Oxide" and (ZnO) "Zinc Oxide". It should be under- 
stood that a prior-art VCSEL's secondary quarterwave DBR mirror-stack as- 
sembly 11, 12 (Figs 1, 2, and 3) serves as the prior-art VCSEL's second mir- 
ror-stack reflector. 

Moreover, the plurality of alternating mirror pairs that make-up a prior- 
art VCSEL's secondary quarterwave DBR mirror-stack assembly 11, 12 (Figs 
1, 2, and 3) are formed from one mirror pair to ten mirror pairs, with a pre- 
ferred number of mirror pairs ranging from four to five mirror pairs. It 
should be understood that the number of mirror pairs can and should be ad- 
justed for wavelength specific applications. 

In addition, a prior-art VCSEL will have a p-metal electrical contact 9, 

10 (Figs 1, 2, and 3), which is formed upon the prior-art VCSEL's second 

contact-layer 8 (Figs 1, 2, and 3) by disposing any suitable conductive mate- 
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rial such as Indium-Tin-Oxide, Gold, Zinc, Platinum, Tungsten, or Germa- 
nium like metallic alloys upon the top outermost surface of a prior-art 
VCSEL's second contact-layer 8 (Figs 1, 2, and 3). 

In addition, a prior-art VCSEL will have a n-metal electrical contact 5, 6 
(Figs 1, 2, and 3), which is formed upon the prior-art VCSEL's first contact- 
layer 4 (Figs 1, 2, and 3) by disposing any suitable conductive material such 
as Indium-Tin-Oxide, Gold, Zinc, Platinum, Tungsten, or Germanium like me- 
tallic alloys upon the top outermost surface of a prior-art VCSEL's first con- 
tact layer 4 (Figs 1, 2, and 3). It should be understood that depending upon 
which material is selected for a prior-art VCSEL's electrical contacts 5, 6, 9, 
10 (Figs 1, 2, and 3) a specific method of disposition, disposing, and pattern- 
ing onto the first and second contact layers 4, 8 (Figs 1, 2, and 3) for any 
specific material will change, along with that material's electrical contacts 5, 
6, 9, 10 (Figs 1, 2, and 3). 

In addition, is a summation of the order of layered deposition used in the 
construction of prior-art double-heterostructure VCSEL devices, as illustrated 
by Figs 1, 2, and 3. Starting first with the base-substrate back-reflecting mir- 
ror structure 1 (Figs 1, 2, and 3). Next, a multi-layered buffer region con- 
structed from (A1N) "Aluminum-Nitride" material 2 (Figs 1, 2, and 3) is de- 
posited upon a prior-art VCSEL's substrate. Next, is a primary quarterwave 
DBR mirror-stack assembly 3 (Figs 1, 2, and 3), which is deposited onto the 
top outermost surface of the last deposited layer of (A1N) "Aluminum- 
Nitride" 2 (Figs 1, 2, and 3). Next, in the order of layered deposition is a 
first contact-layer 4 (Figs 1, 2, and 3), which is deposited upon the top out- 
ermost surface of the last deposited layer used to comprise a primary quarter- 
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wave DBR mirror-stack assembly 3 (Figs 1, 2, and 3). Next, is a prior-art 
VCSEL's first cladding-region 7A (Fig 3), which is followed by the prior-art 
VCSEL's active-area layer 7B (Fig 3), which is followed by the prior-art 
VCSEL's second cladding-layer 7C (Fig 3), which is followed by the prior-art 
VCSEL's second contact-layer 8 (Figs 1, 2, and 3). Next, and final in the or- 
der of layered deposition, is a prior-art VCSEL's semi-reflecting secondary 
quarterwave DBR mirror-stack assembly 11 (Figs 1, 2, and 3), which is 
deposited upon the top outmost surface of the prior-art VCSEL's second con- 
tact-layer 8 (Figs 1, 2, and 3). 

Moreover, it should be noted that a prior-art VCSEL's second contact- 
layer 8 (Figs 1, 2, and 3), second cladding-layer 7C (Fig 3), active-area 7B 
(Fig 3), and first cladding-layer 7A (Fig 3) are altogether, mesa-etched layers 
having diameters substantially larger than the prior-art VCSEL's top outer- 
most emitter-layer 12 (Figs 1, 2, and 3) and the prior-art VCSEL's secondary 
mirror-stack assembly that define the prior-art VCSEL's principal shape (Figs 
1, 2, and 3). Additionally, so that a prior-art VCSEL's active-area 7B (Fig 3) 
is not damaged by the etching process, proton implantation can be utilized 
therein for current isolation, where the implantation mask is slightly larger 
than the prior-art VCSEL's emitter-aperture 12 (Figs 1, 2, and 3). 

In addition, after the above described etching and implantation steps are 

completed a p-metal contact 9, 10 (Figs 1, 2, and 3) is deposited next upon 

the top outermost surface of a prior-art VCSEL's second contact-layer 8 (Figs 

1, 2, and 3), while leaving the prior-art VCSEL's emitter area open 12 (Figs 

1, 2, and 3). The n-metal contact is next epitaxially deposited upon the top 

outermost surface of a prior-art VCSEL's first contact-layer 5, 6 (Figs 1, 2, 
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and 3). Additionally, the metallic base-substrate back-reflecting mirror struc- 
ture 1 (Figs 1, 2, and 3), when used in conjunction with a (AlGaN/GaN) 
"Aluminum-Gallium-Nitride/Gallium-Nitride' , based primary quarterwave 
DBR mirror-stack assembly will provide approximately 99% of the prior-art 
VCSEL's reflectivity. 

In addition, as illustrated Figs 4, 5, and 6, prior-art teaches that VCSEL 
laser devices can be used in two dimensional linear or row-and-column laser- 
arrays, where they might have a centerline-to-centerline dimension of ap- 
proximately "20" micrometers, as illustrated in Figs 4, 5, and 6, while the 
prior-art VCSEL's emission apertures 12 (Figs 1, 2, and 3) might have a cir- 
cular diameter of "10" micrometers, or as an alternative embodiment might 
have an elliptical shaped diameter of "10" x "12" micrometers. 

The preferred embodiment for a (PCVCSEL) "Phase Conjugated Vertical 
Cavity Surface Emitting Laser" is illustrated for the first time in Figs 7 and 8 
as 3D isometric-view drawings. 

Moreover, Figs 7 and 8 display a PCVCSEL's various extrinsic semicon- 
ductor layers, which are clearly illustrated and each numbered with their own 
figures number. The PCVCSEL design also uses (e-h) "electron/hole" recom- 
bination radiation to produce laser emissions. 

Furthermore, as illustrated in Fig 9, a complete PCVCSEL device has 
many different extrinsic semiconductor layers that make-up its structure. 
These various extrinsic semiconductor layers mostly comprise a PCVCSEL's 
four double-heterostructure active-regions, and are built-up and deposited one 
upon the other using MBE or MOVPE manufacturing methods and procedures. 
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The PCVCSEL devices, as presented here, however, will not be con- 
structed using a back-reflecting metallic-alloy base-supporting substrate 1 
(Figs 1, 2, and 3), like those taught by prior-art VCSEL devices, but remains 
a viable alternative to the presented and preferred embodiment. Nevertheless, 
in order to create a stable resonator within a PCVCSEL's vertical-cavity a 
bottom base-reflector of some kind is still required or the amplification of 
stimulated light emissions will not occur. 

Therefore, within this preferred embodiment is a base-mirror reflector, 
which is made from a material having an absolute lattice mismatch to all 
semiconductor materials and can be formed into a single geometric structure 
whose shape is conducive to total internal reflection of all intracavity laser- 
spectra, giving it an effective reflective power greater than the "99.9" percent 
ratings of current prior-art quarter-wave mirror-stack reflectors. 

In addition, as illustrated in Fig 16, is a totally internal reflecting cor- 
ner-cube prism waveguide, which reflects a "100" percent all optical radiation 
that enters the normal front-face surface of the corner-cube prism waveguide. 
The previously mentioned normal front-face surface is perpendicular to the 
intracavity generated light that propagates through the PCVCSEL, but is 
plane-parallel to the layers that makeup the PCVCSEL's two planar shaped 
double-heterostructure diodes and one quarterwave mirror-stack assembly. 

Moreover, a PCVCSEL's corner-cube prism waveguide can be con- 
structed from (Si02) "Fused Silica", which will allow the waveguide to freely 
transmit and internally reflect all incident optical radiation having wave- 
lengths ranging from vacuum-ultraviolet (i.e., with a wavelength of "150" na- 



nometers) to wavelengths reaching down into the infrared range (i.e., with a 
wavelength of "1.55" micrometers). 

In addition, an internally reflecting corner-cube prism waveguide will 
have reflecting powers of a "100" percent if composed of (Si02) "Fused Sil- 
ica" or some other appropriate optical material, and can reflect internally any 
visible wavelength of optical radiation that enters the top and horizontal 
front-face surface of the corner-cube prism waveguide. 

Furthermore, as illustrated in Fig 16 (i.e., a 3D isometric-view drawing 
of the corner-cube prism waveguide showing an isometric-view of a ray- 
traced pathway for incoming and outgoing optical radiation), and in Fig 17 
(i.e., a 3D orthographic plan-view of the corner-cube prism waveguide show- 
ing an orthographic plan-view of a ray-traced pathway for incoming and out- 
going optical radiation) is a PCVCSEL's corner-cube prism waveguide. 

Moreover, the main function of Figs 16 and 17 is to describe, through the 
use of two simple diagrams, how light-rays, after entering the top and hori- 
zontal front-face surface of a corner-cube prism waveguide are internally re- 
flected "180" degrees backwards toward their originating light-source. Fur- 
thermore, a detailed explanation of this 'totally internal reflection 1 process, 
which happens within a PCVCSEL's corner-cube prism waveguide, is pre- 
sented toward the end of the invention's preferred embodiment. 

In addition, a primary quarterwave DBR mirror-stack assembly, which is 
known and normally taught by prior-art VCSEL design, has been replaced by 
a PCVCSEL's corner-cube prism waveguide 13 (Figs 7, 8, 9, 11, 12. 15, 16, 
and 17). Moreover, a PCVCSEL's corner-cube prism waveguide is exactly 
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what its name implies, a prism waveguide having the shape of a cube's cor- 
ner, which is cut off orthogonal to one of its triad (i.e., body-diagonal) axes, 
while the resultant prism's horizontal front-face is typically formed into a 
circular flat surface. 

Moreover, the resulting waveguide structure has three prism facets, 
which produce three totally internal reflections that will reflect any incident 
light-ray backwards a "180" degrees into its originating direction, no matter 
what the previously mentioned light-ray's angle of incidence was upon the 
normal surface of the waveguide. 

Therefore, a light-ray reflected by a corner-cube waveguide is shifted 
laterally by an amount that depends upon the light-ray's angle of incidence 
and point of entry onto the normal horizontal front-face surface of a 
PCVCSEL's corner-cube prism waveguide. The location of a corner-cube 
prism waveguide is at the base of each PCVCSEL's vertical-cavity replacing 
therein, the quarterwave "Distributed Bragg Reflector" (DBR) mirror-stack 
assembly normally used in prior-art VCSEL designs. 

Furthermore, unlike the quarter-wave mirror-stack assemblies currently 
used in prior-art VCSEL designs, which are composed of alternating plane- 
parallel quarterwave plates, a PCVCSEL's corner-cube prism waveguide is 
monostructural (i.e., formed into a single shape from a single material). 
Moreover, (Si02) "Fused Silica" is the material of choice in constructing a 
corner-cube prism waveguide, not only because it is inexpensive, moisture 
and heat resistant, and easy to use in the construction of micro-optics, but be- 
cause it is also amorphous (i.e., having no distinct crystalline structure) and 



therefore, has an absolute lattice-mismatch to (GaAs) "Gallium-Arsenide" 
and/or (AlGaAs) "Aluminum-Gallium-Arsenide, and several other semicon- 
ductors, as well. 

In addition, a corner-cube prism waveguide, when constructed from 
(Si02) "Fused Silica" is transparent to all optical radiation with wavelengths 
ranging from the "150" nanometers of vacuum-ultraviolet optical radiation to 
the "1.55" micrometers of infrared optical radiation and therefore, can be 
used with any type of diode material presently available. Moreover, remem- 
bering that it is a corner-cube prism waveguide's geometric structure 13 (Figs 
7, 8, 9, 11, 12, 15, 16, and 17) that gives it the ability to reflect internally all 
optical radiation that enters its normal horizontal front-face surface. 

In addition, it should be understood that within each PCVCSEL device 
the thickness and doping levels are precisely controlled in every layer. Any 
deviation from the designed parameters no matter how slight will effect the 
PCVCSEL's performance (i.e., frequency range, flux intensity). For example, 
if a PCVCSEL device were designed to emit laser-light at a wavelength of 
"200" nanometers then the thickness of each layer used in a PCVCSEL's quar- 
terwave DBR mirror-stack assembly 24 (Figs 7, 8, and 9) would need to be 
"50" nanometers or one-quarter of one wavelength of the PCVCSEL's laser 
output emission. 

In-general, each distributed layer used in a PCVCSEL's mirror-stack as- 
sembly 23 (Figs 7, 8, and 9), more specifically the PCVCSEL's top quarter- 
wave DBR mirror-stack assembly 24 (Figs 7, 8, and 9), must have an optical 
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thickness equaling one-quarter of one wavelength of the PCVCSEL's emitted 
optical radiation. 

Furthermore, the doping of a PCVCSEL device is accomplished by the 
addition of various dopant materials (e.g., n-type dopants and p-type dopants) 
to epitaxial materials during their epitaxial deposition. Typically, a 
PCVCSEL device will use many different dopant concentrations of specific 
dopant materials within the different extrinsic semiconductor materials that 
make-up the PCVCSEL's various structures. Typically, a first structure de- 
posited within a PCVCSEL device would be its first contact-layer. Next, in 
line for deposition would be a PCVCSEL's totally internal reflecting corner- 
cube prism waveguide, which is constructed from (Si02) "Fused Silica 11 and 
deposited upon the top outermost surface of a single extrinsic semiconductor 
substrate (i.e., which is also a PCVCSEL's first contact-layer) is accom- 
plished using MBE, MOVPE, or sputtered deposition manufacturing methods 
and procedures. The distribution of (Si02) "Fused Silica" is accomplished by 
a sputtered depositing of (Si02) "Fused Silica" into a previously etched-out 
hole(s), which has the same dimensions, structure, and shape as a vertically 
positioned PCVCSEL's corner-cube prism waveguide. The distribution of 
(Si02) "Fused Silica" into a previously etched-out and shaped hole(s) will ul- 
timately give us the base-structure(s) on which to build a PCVCSEL device or 
multiple PCVCSEL devices. 

In addition, it should be understood that the process of intracavity phase- 
conjugation and its distortion removing properties can be created using any 
wavelength of optical radiation, which shows that the process of four-wave 

mixing phase-conjugation is independent of any one wavelength of optical ra- 
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diation. The process of phase-conjugation itself must therefore also be inde- 
pendent of any one wavelength determined extrinsic semiconductor material 
as well. Therefore, the choice between an extrinsic semiconductor or other 
material used in a PCVCSEL's construction are presented below as only work- 
ing examples to demonstrate that the PCVCSEL's design has sufficient nov- 
elty. 

In addition, is a PCVCSEL's first contact-layer 14 (Figs 7, 8, 9, and 18), 
which is composed of a highly p+ doped (GaAs) "Gallium-Arsenide" binary 
material, and also acts as the PCVCSEL's substrate and is located at the top 
of the corner-cube prism waveguide's normal horizontal and circular front- 
face surface 13D (Figs 16 and 17). 

Moreover, a PCVCSEL's first contact-layer 14 (Figs 7, 8, 9, and 18), 
while providing positive electrical connectivity to the PCVCSEL's first ac- 
tive-region 15 (Figs 8, 9, and 18), also enhances the reliability of the 
PCVCSEL's design by preventing the migration of carrier-dislocations and 
the like to the PCVCSEL's first active-region 15 (Figs 8, 9, and 18). 

In addition, is a PCVCSEL's first cladding-layer ISA (Figs 8, 9, 18, and 
18C), which has a flat planar shaped bottom surface and a convex shaped top 
surface, and is positioned to contain the PCVCSEL's first active-area (i.e., 
called Pump 1) 15B (Figs 8, 9, 18, and 18A). Additionally, a PCVCSEL's 
first cladding-layer is constructed from a concentrically-graded P-doped 
(GaAlAs) "Gallium- Aluminum-Arsenide" ternary material 15A (Figs 8, 9, 18, 
and 18C); wherein, the ternary material's concentration of "Gallium" gradient 
will, starting from the first cladding-layer's bottom-edge, begin to gradually 
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increase upward toward the PCVCSEL's first active-area (i.e., called Pump 
1). For example, the amount of "Gallium" gradient will begin to gradually 
increase from GaO.55AlO.45As 38A (Fig 18C) to GaO.6AlO.4As 38B (Fig 18C), to 
Ga0.65Al0.35As 38C (Fig 18C), to GaO.7AlO.3As 38D (Fig 18C), to 
GaO.75AlO.25As 38E (Fig 18C), and finally to GaO.8AlO.2As 38F (Fig 18C). 

Additionally, a ternary material's concentration of "Aluminum" gradient 
will, starting from the first cladding-layer's bottom-edge, begin to gradually 
decrease upward toward the PCVCSEL's first active-area (i.e., called Pump 
1). For example, the amount of "Aluminum" gradient will begin to gradually 
decrease from Ga0.55Al0.45 As 38 A (Fig 18C) to GaO.6AlO.4As 38B (Fig 18C), to 
GaO.65AlO.35As 38C (Fig 18C), to GaO.7AlO.3As 38D (Fig 18C), to 
Ga0.75Al0.25 As 38E (Fig 18C), and finally to Ga0.8Al0.2As 38F (Fig 18C). 
Furthermore, a first cladding-layer's dotted gradient boundary-lines 39A, 
39B, 39C, 39D, 39E (Fig 18C) illustrate how the graded amounts of "Gal- 
lium" and "Aluminum" materials present in a PCVCSEL's first cladding-layer 
are smoothly, proportionally, and evenly distributed across the first cladding- 
layer's vertical thickness. 

In addition, the ternary material's concentration of "Gallium" gradient 
will gradually increase from a first cladding-layer's thicker outer-perimeter 
inward toward the vertical-cavity's c-axis, where a PCVCSEL's first clad- 
ding-layer is optically thinner (i.e., having a lower refractive index). More- 
over, the process of increasing the amounts of "Gallium" over "Aluminum" 
will equalize the optical refractive index across the first cladding-layer's 
whole horizontal-area. 



In addition, is a PCVCSEL device designed to use four active-areas 15B, 
17B, 19B, 21B (Figs 8, 9, 18, 18A, 19, 19C, 20, 20A, 21, and 21A); wherein, 
each of the four active-areas are located within its own active-region. Fur- 
thermore, a PCVCSEL's first active-area comprises, either a convex shaped 
SQW constructed from (GaAs) "Gallium-Arsenide", or a convex shaped MQW 
15B (Figs 8, 9, 18, and 18A) having six quantum wells constructed from 
(GaAs) "Gallium- Arsenide" 35A, 35B, 35C, 35D, 3SE, 35F (Fig 18 A) and 
seven quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide" 34A, 34B, 34C, 34D, 34E, 34F, 34G (Fig 18 A). Never- 
theless, whatever structure is finally used as a PCVCSEL's first active-area 
the layers used to make up the PCVCSEL's first active-area should equal an 
optical thickness that is one quarter of one wavelength of the PCVCSEL's la- 
ser output emission. 

For example, if a PCVCSEL device were designed to emit a wavelength 
of "800" nanometers, its first active-area's total optical thickness would need 
to be one-quarter of "800" nanometers to properly function. Therefore, a first 
active-area's total optical thickness would need to be "200" nanometers thick. 
Because a PCVCSEL's first active-area is made-up of multiple quantum wells 
and multiple quantum well cladding-layers the optical thicknesses of each of 
these different layers, when added together, should equal the required total 
optical thickness previously calculated. 

Moreover, a PCVCSEL's first active-area will have six quantum wells 

constructed from (GaAs) "Gallium-Arsenide" 35A, 35B, 35C, 35D, 35E, 35F 

(Fig 18A); wherein, each quantum well will have an optical thickness of "10" 

nanometers. Additionally, a PCVCSEL's first active-area will also have 
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seven quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide" 34A, 34B, 34C, 34D, 34E, 34F, 34G (Fig 18A); 
wherein, each quantum well cladding-layer will have an optical thickness of 
"20" nanometers. The combined thicknesses of the six quantum wells and the 
seven quantum well cladding-layers equal "200" nanometers or one-quarter of 
one wavelength of a PCVCSEL's "800" nanometer laser output emissions. 

In addition, is a PCVCSEL's second cladding-layer 15C (Figs 8, 9, 18. 
and 18B), which has convex shaped bottom surface and a flat planar shaped 
top surface, and is positioned to contain the PCVCSEL's first active-area 
(i.e., called Pump 1) 15B (Figs 8, 9, 18, and 18A). Additionally, a 
PCVCSEL's second cladding-layer is constructed from a concentrically- 
graded N-doped (GaAlAs) "Gallium-Aluminum-Arsenide" ternary material 
15C (Figs 8, 9, 18, and 18 A); wherein, a ternary material's concentration of 
"Gallium" gradient will, starting from the second cladding-layer's top-edge, 
begin to gradually increase downward toward a PCVCSEL's first active-area 
(i.e., called Pump 1). For example, the amount of "Gallium" gradient will 
begin to gradually increase from GaO.55AlO.45As 36F (Fig 18B) to GaO.6AlO.4As 
36E (Fig 18B), to GaO.65AlO.35As 36D (Fig 18B), to GaO.7AlO.3As 36C (Fig 
18B), to GaO.75AlO.25As 36B (Fig 18B), and finally to Ga0.8Al0.2As 36A (Fig 
18B). 

Additionally, a ternary material's concentration of "Aluminum" gradient 
will, starting from the second cladding-layer's top-edge, begin to gradually 
decrease downward toward a PCVCSEL's first active-area (i.e., called Pump 
1). For example, the amount of "Aluminum" gradient will begin to gradually 
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decrease from Ga0.55Al0.45As 36F (Fig 18B) to GaO.6AlO.4As 36E (Fig 18B), to 
GaO.65AlO.35As 36D (Fig 18B), to GaO.7AlO.3As 36C (Fig 18B) 5 to 
GaO.75AlO.25As 36B (Fig 18B), and finally to GaO.8AlO.2As 36A (Fig 18B). 

Furthermore, a second cladding-layer's dotted gradient boundary-lines 
37E, 37D, 37C, 37B, 37 A (Fig 18B) illustrate that the graded amounts of 
"Gallium" and "Aluminum" materials present in a PCVCSEL's second clad- 
ding-layer are smoothly, proportionally, and evenly distributed across the 
second cladding-layer's vertical thickness. 

Additionally, a ternary material's concentration of "Gallium" gradient 
will gradually increase from a second cladding-layer's thicker outer-perimeter 
inward toward the vertical-cavity's c-axis, where a PCVCSEL's second clad- 
ding-layer is optically thinner (i.e., having a lower refractive index). More- 
over, the process of increasing the amounts of "Gallium" over "Aluminum" 
gradient will equalize the refractive index across the second cladding-layer's 
whole horizontal-area. 

In addition, is a PCVCSEL's second contact-layer 16 (Figs 7, 8, 9, and 
18), which is constructed from a highly n+ doped (GaAs) "Gallium- Arsenide" 
binary material, and epitaxially grown upon the top outermost surface of a 
PCVCSEL's second cladding-layer 15C (Figs 8, 9, 18, and 18B), giving the 
second contact-layer a position between the PCVCSEL's first and second ac- 
tive-regions. Moreover, a second contact-layer 16 (Figs 7, 8, 9, and 18), 
while providing negative electrical connectivity to a PCVCSEL's first and 
second active-regions 15 (Figs 8, 9, and 18), also enhances the reliability of 
the PCVCSEL design by preventing the migration of carrier-dislocations and 
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the like to the PCVCSEL's first and second active-regions 15 (Figs 8, 9, and 
18). 

In addition, is a PCVCSEL's third cladding-layer 17A (Figs 8, 9, and 
20), which has a flat planar shaped bottom surface and a flat planar shaped 
top surface. Additionally, a PCVCSEL's third cladding-layer is constructed 
from N-doped (GaAlAs) "Gallium-Aluminum-Arsenide" ternary material, and 
is positioned to contain the PCVCSEL's second active-area (i.e., called Probe 
1) 17B (Figs 8, 9, 20, and 20A). 

In addition, is a PCVCSEL's second active-area (i.e., called Probe 1), 
which comprises either a flat planar shaped SQW constructed from (GaAs) 
"Gallium-Arsenide", or a flat planar shaped MQW 17B (Figs 8, 9, 20, and 
20A) having three quantum wells constructed from (GaAs) "Gallium- 
Arsenide" 79A, 79B, 79C (Fig 20A) and four quantum well cladding-layers 
constructed from (GaAlAs) "Gallium-Aluminum-Arsenide" 78A, 78B, 78C, 
78D (Fig 20A). Nevertheless, whatever structure is finally used as a 
PCVCSEL's second active-area the layers used to make up the PCVCSEL's 
second active-area should equal an optical thickness that is one quarter of one 
wavelength of the PCVCSEL's laser output emission. 

For example, if a PCVCSEL device were designed to emit a wavelength 
of "800" nanometers, its second active-area's total optical thickness would 
need to be one-quarter of "800" nanometers to properly function. Therefore, 
a second active-area's total optical thickness would need to be "200" nanome- 
ters thick. Because a PCVCSEL's second active-area is made-up of multiple 
quantum wells and multiple quantum well cladding-layers the optical thick- 
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nesses of each of these different layers, when added together, should equal 
the required total optical thickness previously calculated. 

Moreover, a PCVCSEL's second active-area has three quantum wells 
constructed from (GaAs) "Gallium-Arsenide" 79A, 79B, 79C (Fig 20A); 
wherein, each quantum well has an optical thickness of "20" nanometers. 
Additionally, a PCVCSEL's second active-area has four quantum well clad- 
ding-layers constructed from (GaAlAs) "Gallium-Aluminum-Arsenide" 78A, 
78B, 78C, 78D (Fig 20A); wherein, each quantum well cladding-layer has an 
optical thickness of "35" nanometers. Moreover, the combined thicknesses of 
the three quantum wells and the four quantum well cladding-layers will equal 
"200" nanometers or one-quarter of one wavelength of a PCVCSEL's "800" 
nanometer laser output emissions. 

In addition, is a PCVCSEL's fourth cladding-layer 17C (Figs 8, 9, and 

20) , which has a flat planar shaped bottom surface and a flat planar shaped 
top surface. Additionally, a PCVCSEL's fourth cladding-layer is constructed 
from P-doped (GaAlAs) "Gallium-Aluminum-Arsenide" ternary material, and 
is positioned for the PCVCSEL's second active-area (i.e., called Probe 1) 17B 
(Figs 8, 9, 20, and 20A). 

In addition, is a PCVCSEL's third contact-layer 18 (Figs 7, 8, 9, 20, and 

21) , which is constructed from a highly p+ doped (GaAs) "Gallium- Arsenide" 
binary material, and epitaxially grown upon the top outermost surface of the 
PCVCSEL's fourth cladding-layer 17C (Figs 9 and 20), giving the third con- 
tact-layer a position between the PCVCSEL's second and third active-regions. 
Moreover, a third contact-layer 18 (Figs 7, 8, 9, 20, and 21), while providing 
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positive electrical connectivity to a PCVCSEL's second and third active- 
regions 17 (Figs 7, 8, 9, 20, and 21), also enhances the reliability of the 
PCVCSEL design by preventing the migration of carrier-dislocations and the 
like to the PCVCSEL's second and third active-regions 17 (Figs 7, 8, 9, 20, 
and 21). 

In addition, is a PCVCSEL's fifth cladding-layer 19A (Figs 8, 9, and 21), 
which has a flat planar shaped bottom surface and a flat planar shaped top 
surface. Additionally, a PCVCSEL's fifth cladding-layer is constructed from 
a P-doped (GaAlAs) "Gallium-Aluminum-Arsenide" ternary material, and is 
positioned to contain the PCVCSEL's third active-area (i.e., called Probe 2) 
19B (Figs 8, 9, 21, and 21A). 

In addition, is a PCVCSEL's third active-area (i.e., called Probe 2), 
which will contain either a flat planar shaped SQW constructed from (GaAs) 
"Gallium- Arsenide", or a flat planar shaped MQW 19B (Figs 8, 9, 21, and 
21 A) having three quantum wells constructed from (GaAs) "Gallium- 
Arsenide" 81A, 81B, 81C (Fig 21A) and four quantum well cladding-layers 
constructed from (GaAlAs) "Gallium-Aluminum-Arsenide" 80A, 80B, 80C, 
80D (Fig 21 A). Nevertheless, whatever structure is finally used as a 
PCVCSEL's third active-area the layers used to make up the PCVCSEL's third 
active-area should equal an optical thickness that is one quarter of one wave- 
length of the PCVCSEL's laser output emission. 

For example, if a PCVCSEL device were designed to emit a wavelength 
of "800" nanometers, its third active-area's total optical thickness would need 
to be one-quarter of "800" nanometers to properly function. Therefore, a 
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third active-area's total optical thickness would need to be "200" nanometers 
thick. Because a PCVCSEL's third active-area is made-up of multiple quan- 
tum wells and multiple quantum well cladding-layers the optical thicknesses 
of each of these different layers, when added together, should equal the re- 
quired total optical thickness previously calculated. 

Moreover, a PCVCSEL's third active-area has three quantum wells con- 
structed from p+ doped (GaAs) "Gallium-Arsenide" 81 A, 81B, 81C (Fig 21 A); 
wherein, each quantum well will have an optical thickness of "20" nanome- 
ters. Additionally, a PCVCSEL's third active-area has four quantum well 
cladding-layers constructed from P+ doped (GaAlAs) "Gallium-Aluminum- 
Arsenide" 80 A, 80B, 80C, 80D (Fig 21 A); wherein, each quantum well clad- 
ding-layer will have an optical thickness of "35" nanometers. Moreover, the 
combined thicknesses of the three quantum wells and the four quantum well 
cladding-layers will equal "200" nanometers or one-quarter of one wavelength 
of a PCVCSEL's "800" nanometer laser output emission. 

In addition, is a PCVCSEL's sixth cladding-layer 19C (Figs 8, 9, and 
21), which has a flat planar shaped bottom surface and a flat planar shaped 
top surface. Additionally, a PCVCSEL's sixth cladding-layer is constructed 
from a N-doped (GaAlAs) "Gallium- Aluminum-Arsenide" ternary material, 
and positioned for the PCVCSEL's third active-area (i.e., called Probe 2) 19B 
(Figs 8, 9, 21, and 21A). 

In addition, is a PCVCSEL's fourth contact-layer 20 (Figs 7, 8, 9, 19, 
and 21), which is constructed from a highly n+ doped (GaAs) "Gallium- 
Arsenide" binary material, and epitaxially grown upon the top outermost sur- 
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face of the PCVCSEL's sixth cladding-layer 19C (Figs 9 and 21), giving the 
fourth contact-layer a position between the PCVCSEL's third and fourth ac- 
tive-regions. Moreover, a fourth contact-layer 20 (Figs 7, 8, 9, 19, and 21), 
while providing negative electrical connectivity to a PCVCSEL's third and 
fourth active-regions 19, 21 (Figs 7, 8, 9, 19, and 21), also enhances the reli- 
ability of the PCVCSEL design by preventing the migration of carrier- 
dislocations and the like to the PCVCSEL's third and fourth active-regions 
19, 20 (Figs 7, 8, 9, 19, and 21). 

In addition, is a PCVCSEL's seventh cladding-layer 21A (Figs 8, 9, 19, 
and 19B), which has a flat planar shaped bottom surface and a concave shaped 
top surface, and is positioned to contain the PCVCSEL's fourth active-area 
(i.e., called Pump 2) 21B (Figs 8, 9, 19, and 19C). Additionally, a 
PCVCSEL's seventh cladding-layer is constructed from a concentrically- 
graded N-doped (GaAlAs) "Gallium-Aluminum-Arsenide" ternary material 
21A (Figs 8, 9, 19, and 19B); wherein, the ternary material's concentration of 
"Gallium" gradient will, starting from the seventh cladding-layer's bottom- 
edge, begin to gradually increase upward toward the PCVCSEL's fourth ac- 
tive-area (i.e., called Pump 2). For example the amount of "Gallium" gradi- 
ent will begin to gradually increase from GaO.55AlO.45As 42 A (Fig 19B) to 
GaO.6AlO.4As 42B (Fig 19B), to GaO.65AlO.35As 42C (Fig 19B), to Ga0.7Al0.3As 
42D (Fig 19B), to GaO.75AlO.25As 42E (Fig 19B), and finally to GaO.8AlO.2As 
42F (Fig 19B). 

Additionally, a ternary material's concentration of "Aluminum" gradient 
will, starting from the seventh cladding-layer's bottom-edge, begin to gradu- 
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ally decrease upward toward the PCVCSEL's fourth active-area (i.e., called 
Pump 2). For example, the amount of "Aluminum" gradient will begin to 
gradually decrease from GaO.55AlO.45 As 42 A (Fig 19B) to GaO.6AlO.4As 42B 
(Fig 19B), to GaO.65AlO.35As 42C (Fig 19B), to GaO.7AlO.3As 42D (Fig 19B), to 
GaO.75AlO.25As 42E (Fig 19B), and finally to GaO.8AlO.2As 42F (Fig 19B). 

Furthermore, a seventh cladding-layer's dotted gradient boundary-lines 
43A, 43B, 43C, 43D, 43E (Fig 19B) illustrate that the graded amounts of 
"Gallium" and "Aluminum" materials present in the PCVCSEL's seventh 
cladding-layer are smoothly, proportionally, and evenly distributed across the 
seventh cladding-layer's vertical thickness. 

Additionally, a ternary material's concentration of "Gallium" gradient 
will gradually increase from the seventh cladding-layer's thicker outer- 
perimeter inward toward the vertical-cavity's c-axis, where the PCVCSEL's 
seventh cladding-layer is optically thinner (i.e., having a lower refractive in- 
dex). Moreover, the process of increasing the amounts of "Gallium" over 
"Aluminum" gradient material will equalize the refractive index across the 
seventh cladding-layer's whole horizontal-area. 

In addition, a PCVCSEL's fourth active-area comprises, either a concave 
shaped SQW constructed from (GaAs) "Gallium-Arsenide", or a concave 
shaped MQW 21B (Figs 8, 9, 19, and 19C) having six quantum wells con- 
structed from (GaAs) "Gallium-Arsenide" 41A, 41B, 41C, 41D, 41E, 41F (Fig 
19C) and seven quantum well cladding-layers constructed from (GaAlAs) 
"Gallium-Aluminum-Arsenide" 40A, 40B, 40C, 40D, 40E, 40F, 40G (Fig 
19C). Nevertheless, whatever structure is finally used as a PCVCSEL's fourth 
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active-area the layers used to make up the PCVCSEL's fourth active-area 
should equal an optical thickness that is one quarter of one wavelength of the 
PCVCSEL's laser output emission. 

For example, if a PCVCSEL device were designed to emit a wavelength 
of "800" nanometers, its fourth active-area's total optical thickness would 
need to be one-quarter of "800" nanometers to properly function. Therefore, 
a fourth active-area's total optical thickness would need to be "200" nanome- 
ters thick. Because a PCVCSEL's fourth active-area is made-up of multiple 
quantum wells and multiple quantum well cladding-layers the optical thick- 
nesses of each of these different layers, when added together, should equal 
the required total optical thickness previously calculated. 

Moreover, a PCVCSEL's fourth active-area will have six quantum wells 
constructed from (GaAs) "Gallium-Arsenide" 41A, 41B, 41C, 41D, 41E, 41F 
(Fig 19C); wherein, each quantum well will have an optical thickness of "10" 
nanometers. Additionally, a PCVCSEL's fourth active-area will have seven 
quantum well cladding-layers constructed from (GaAlAs) "Gallium- 
Aluminum-Arsenide" 40A, 40B, 40C, 40D, 40E, 40F, 40G (Fig 19C); 
wherein, each quantum well cladding-layer will have an optical thickness of 
"20" nanometers. Moreover, the combined thicknesses of the six quantum 
wells and the seven quantum well cladding-layers will equal "200" nanome- 
ters or one-quarter of one wavelength of a PCVCSEL's "800" nanometer laser 
output emissions. 

In addition, is a PCVCSEL's eighth cladding-layer 21C (Figs 8, 9, 19, 
and 19 A), which has a concave shaped bottom surface and a flat planar shaped 
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top surface, and is positioned to contain the PCVCSEL's fourth active-area 
(i.e., called Pump 2) 21B (Figs 8, 9, 19, and 19C). Additionally, a 
PCVCSEL's eighth cladding-layer is constructed from a concentrically-graded 
P-doped (GaAlAs) "Gallium-Aluminum-Arsenide" ternary material 21C (Figs 
8, 9, 19, and 19A); wherein, a ternary material's concentration of "Gallium" 
gradient will, starting from the eighth cladding-layer's top-edge, begin to 
gradually increase downward toward a PCVCSEL's fourth active-area (i.e., 
called Pump 2). For example, the amount of "Gallium" gradient will begin to 
gradually increase from GaO.55AlO.45As 44F (Fig 19A) to GaO.6AlO.4As 44E 
(Fig 19A), to GaO.65A10.35As 44D (Fig 19A), to GaO.7AlO.3As 44C (Fig 19A), 
to Ga0.75Al0.25As 44B (Fig 19A), and finally to GaO.8AlO.2As 44A (Fig 19A). 

Additionally, a ternary material's concentration of "Aluminum" gradient 
will, starting from the eighth cladding-layer's top-edge, begin to gradually 
decrease downward toward a PCVCSEL's fourth active-area (i.e., called Pump 
2). For example, the amount of "Aluminum" gradient will begin to gradually 
decrease from Ga0.55Al0.45As 44F (Fig 19A) to GaO.6AlO.4As 44E (Fig 19A), to 
GaO.65AlO.35As 44D (Fig 19A), to Ga0.7Al0.3As 44C (Fig 19A), to 
Ga0.75Al0.25As 44B (Fig 19A), and finally to GaO.8AlO.2As 44A (Fig 19A). 

Furthermore, an eighth cladding-layer's dotted gradient boundary-lines 
45E, 45D, 45C, 45B, 45 A (Fig 19A) illustrate that the graded amounts of 
"Gallium" and "Aluminum" materials present in a PCVCSEL's eighth clad- 
ding-layer are smoothly, proportionally, and evenly distributed across the 
eighth cladding-layer's vertical thickness. 
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Additionally, a ternary material's concentration of "Gallium" gradient 
will gradually increase from an eighth cladding-layer's thicker outer- 
perimeter inward toward the vertical-cavity's c-axis, where a PCVCSEL's 
eighth cladding-layer is optically thinner (i.e., having a lower refractive in- 
dex). Moreover, the process of increasing the amounts of "Gallium" over 
"Aluminum" gradient material will equalize the refractive index across the 
eighth cladding-layer's whole horizontal-area. 

In addition, is a PCVCSEL's fifth and last contact-layer 22 (Figs 7, 8, 9, 
and 19), which is constructed from a highly p+ doped (GaAs) "Gallium- 
Arsenide" binary material, and epitaxially grown upon the top outermost sur- 
face of the PCVCSEL's eighth cladding-region 21C (Figs 8, 9, 19, and 19A), 
giving the fifth contact-layer a position between the PCVCSEL's fourth and 
last active-region. Moreover, a fifth contact-layer 22 (Figs 7, 8, 9, and 19), 
while providing positive electrical connectivity to a PCVCSEL's fourth and 
last active-region 21 (Figs 8, 9, and 19), also enhances the reliability of the 
PCVCSEL design by preventing the migration of carrier-dislocations and the 
like to the PCVCSEL's fourth and last active-region 21 (Figs 8, 9, and 19). 

In addition, is a PCVCSEL's semi-reflecting quarterwave DBR mirror- 
stack assembly, which is made from a plurality of layers 23 (Figs 8 and 9). 
For example, a plurality of one or more layers of (Si02) "Fused Silica" 23A, 
23C, 23E, 23G, 231 (Figs 8 and 9), and one or more layers of (ZnO) "Zinc- 
Oxide" 23B, 23D, 23F, 23H, 24 (Figs 8 and 9). For example, a layer of 
(Si02) "Fused Silica" is epitaxially deposited upon the top outermost surface 
of a PCVCSEL's third and last contact-layer 23A (Figs 8 and 9), while a layer 

of (ZnO) "Zinc-Oxide" 23B (Figs 8 and 9) is subsequently and epitaxially de- 
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posited upon the top outermost surface of the previously deposited (Si02) 
"Fused Silica" layer 23A (Figs 8 and 9); thereby, making a mirror pair of 
(Si02/ZnO) reflectors 24 (Figs 8 and 9). 

Moreover, if additional mirror-pairs are required, then several more lay- 
ers of additional mirror-pairs can be deposited upon the top outermost surface 
of the last layer of the last existing mirror-pair of (Si02) "Fused Sil- 
ica"/(ZnO) "Zinc-Oxide" 24 (Figs 8 and 9). It should be understood that a 
semi-reflecting quarterwave DBR mirror-stack assembly serves as a 
PCVCSEL's top-positioned reflector 23, 24 (Figs 7, 8, and 9). 

Moreover, a plurality of layers used to make-up the top-positioned quar- 
terwave DBR mirror-stack assembly is formed from one to ten mirror-pairs, 
with a preferred number of mirror pairs ranging from four to five mirror- 
pairs. However, it should be understood that the number of mirror pairs could 
be adjusted for wavelength specific applications. 

Furthermore, a PCVCSEL's corner-cube prism waveguide 13 (Figs 7, 8, 
9, 16, and 17) when used in conjunction with the ten (Si02/ZnO) "Fused sil- 
ica/Zinc-Oxide" mirror-pairs 23, 24 (Figs 7, 8, and 9) that make-up the de- 
vice's only quarterwave DBR mirror-stack assembly 23 (Fig 9), provides for 
approximately "99.00" percent of the PCVCSEL's reflectivity, while the other 
"1" percent is provided by an internally reflecting external cavity cladding 
material 25 (Figs 9 and 15). 

Figs 9, 10, 11, 12, 16, and 17 - Additional Embodiments 
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The first additional embodiment of the present invention is that a 
PCVCSEL's multiple active-areas 15B, 17B, 19B, 21B (Figs 7, 8, 9, and 15), 
which are located within the PCVCSEL's vertical-cavity are used to produce a 
semiconductor laser with an emitter size smaller than "2.0" microns in diame- 
ter, as illustrated in Figs 10, 11, and 12. Typically, VCSELs with smaller 
than "2.0" micron size diameters is not possible with current prior-art de- 
signs. Currently, prior-art VCSEL designs having single p-n junction active- 
areas, after reaching down to a diameter size of about "2.0" microns can not 
produce enough photonic energy within their vertical-cavities to bring about a 
device's stimulated emission and amplification of fundamental light into laser 
output emission. However, by using multiple active-areas, we can design and 
construct smaller VCSEL devices with smaller emitter sizes, while maintain- 
ing the proper amounts of intracavity photonic energy necessary for the 
stimulated emission and the amplification of laser radiation. 

Another additional embodiment of the present invention is that by con- 
trolling the switching and/or distribution of electric current to a PCVCSEL's 
various electrically un-isolated active-region's active-areas 15B, 17B, 19B, 
21B (Fig 9), which are located within the PCVCSEL's vertical-cavity, various 
short-pulsed (i.e., chirped) and/or the continuously working output of laser 
emissions can be achieved. 

Another additional embodiment of the present invention is that by con- 
trolling the switching and/or distribution of electric current to a PCVCSEL's 
various electrically un-isolated active-region's active-areas 15B, 17B, 19B, 
21B (Fig 9), which are located within the PCVCSEL's vertical-cavity, a con- 
trolled on and off switching between 'small-period reflection-gratings' and 
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'large-period transmission-gratings 1 can be achieved within the PCVCSEL de- 
vice. 

Another additional embodiment of the present invention is the use of an 
internal reflecting corner-cube prism waveguide 13 (Figs 7, 8, 9, 15, 16, and 
17), which is composed of (Si02) "Fused Silica" a material that will reflect 
"100" percent any optical radiation having a wavelength between "150" and 
"4.0" micrometers that enters the corner-cube prism waveguide's normal hori- 
zontal front-face surface 13D (Figs 16 and 17). 

Moreover, a PCVCSEl/s corner-cube prism waveguide is exactly what 
its name implies, a prism waveguide with the shape of a cube's corner cut off 
orthogonal to one of its triad (i.e., body-diagonal) axes 13A, 13B, 13C (Figs 
16 and 17); wherein, the front-face surface of the resultant prism has a circu- 
lar shape 13D (Figs 16 and 17). 

Furthermore, as a result of three totally internal reflections 13A, 13B, 
13C (Figs 16 and 17) caused by three prism facets, an incident light ray is to- 
tally reflected along a parallel-line backwards into its original direction 33 
(Figs 16 and 17), no matter what angle of incidence the previously mentioned 
light-ray had entered the normal horizontal front-face surface 13D (Figs 16 
and 17) of the PCVCSEL's corner-cube prism waveguide 33 (Figs 16 and 17). 

Therefore, a light-ray reflected by the corner-cube prim waveguide is 
shifted laterally by an amount that depends on the light-ray's 33 (Figs 16 and 
17) angle of incidence and point of entry on the normal horizontal front-face 
surface 13D (Figs 16 and 17) of the corner-cube prism waveguide 13 (Figs 16 
and 17). The location of a PCVCSEL's corner-cube prism waveguide 13 (Figs 
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7, 8, 9, 15, 16, and 17) is at the base of the PCVCSEL's vertical-cavity 13 
(Figs 7, 8, 9, 15, 16, and 17), replacing the primary quarterwave DBR mirror- 
stack assembly normally used in current prior-art VCSEL designs. 

Another additional embodiment of the present invention, as illustrated in 
Figs 7 and 8, is a PCVCSEL's use as a single laser device. For example, like 
the single semiconductor diode lasers currently used in multi-media technolo- 
gies like "Digital Video Disk" (DVD) player/recorders, "Compact Disk" (CD) 
player/recorders, "Magneto-Optical" (MO) player/recorders, "Mini Disk" 
(MD) player/recorders, and also in the next generation of rear-projection 
television (i.e., signal devices that are replacing the prior-art electron guns of 
current technology). 

Additionally, for example, like the single semiconductor diode lasers 
currently used in telecommunication technologies like fiber-optic short and 
long-haul communication devices. Additionally, for example, like the single 
semiconductor diode lasers currently used in mass data-storage technologies 
like magneto-optical flying-head hard disk drives. 

Another additional embodiment of the present invention, as illustrated in 
Figs 10, 11, and 12, is the use of multiple PCVCSELs in two-dimensional 
row-and-column laser-arrays and two-dimensional linear laser-arrays. For 
example, like the two-dimensional row-and-column laser-arrays currently 
used in solid-state laser-pumping technologies. 

Additionally, for example, like the two-dimensional row-and-column la- 
ser-arrays currently used in video-display micro-screen technologies. Addi- 
tionally, for example, like the two-dimensional linear laser-arrays currently 
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used in flatbed image scanners, hand-held image scanners, laser printers, and 
other raster-image reproduction technologies. 

Another additional embodiment of the present invention is that multiple 
PCVCSEL devices contained within a single laser-array (Figs 10, 11, and 12) 
can be configured as singularly controlled laser devices, or can be equally 
configured as a singularly controlled unit of multiple lasers. While, the con- 
trol over PCVCSEL devices contained on a single substrate is accomplished 
through a (GaAs) "Gallium-Arsenide" based semiconductor's control-bus, 
memory-bus, and address-bus control circuitry, which is created along with 
the PCVCSEL devices using the same (GaAs) "Gallium-Arsenide" semicon- 
ductor substrate material used in the construction of the PCVCSELs; wherein, 
the PCVCSEL lasers and their control circuitry is configured as a single inte- 
grated-circuit chip device. 

Another additional embodiment of the present invention, as illustrated in 
Fig 9, is the addition of a cladding material to a PCVCSEL's vertical and out- 
ermost wall surfaces 25 (Fig 9). Having a refractive index that is less than 
that of the semiconductor material 24 (Fig 9) used in the construction of a 
PCVCSEL's vertical-cavity, the cladding material 25 (Fig 9) is deposited 
around and/or between every mesa-etched PCVCSEL. The cladding material 
25 will provide each PCVCSEL's vertical outermost wall-surface with an in- 
ternal reflectivity of about a "100" percent. The previously mentioned inter- 
nal reflectivity will be for intracavity produced light-rays having an angle of 
incidence that is less than "30" degrees from the vertical-cavity's outermost 
wall-surfaces 33D (Fig 15). 



56 



For example, the sputtered deposition of a material like (LiF) "Lithium- 
Fluoride", which is an optical material having a much lower refractive index 
than (GaAs) "Gallium-Arsenide" and (GaAlAs) "Gallium-Aluminum- 
Arsenide" the nonlinear semiconductor materials used in the construction of a 
PCVCSEL's vertical-cavity. The (LiF) "Lithium-Fluoride" optical cladding 
material should typically be deposited on and/or around a PCVCSEL's outer- 
wall-surface 25 (Fig 9), while excluding the PCVCSEL's top emitter-layer, 
which is located at the top of the PCVCSEL's quarterwave DBR mirror-stack 
assembly. Achieving, an internal reflectivity of about a "100" percent for 
each PCVCSEL device(s) the previously mentioned cladding material is de- 
posited around. 

Furthermore, a PCVCSEL's cladding material works in much the same 
way as a cladding material does when it is used around optical fiber. For ex- 
ample, when a cladding material having an lower refractive index than the 
material used in the optical-fiber's core is deposited onto the core's outer- 
most surface it will achieve an internal reflectivity of about a "100" percent 
for intrafiber traveling light-rays having an angle of incidence less than "30" 
degrees from the core's outermost wall-surface and the cladding-layer's in- 
nermost wall-surface. 

Advantages 

From the description above, a number of advantages of my vertical cav- 
ity surface emitting laser that uses intracavity degenerate four wave mixing to 
produce phase-conjugated and distortion free collimated laser light become 
evident: 
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(a) The output of a phase-conjugated (i.e., a distortion eliminating wave- 
front reversed laser beam) laser beam 30, 32 (Fig 15), which is generated and 
reflected via a first and/or second "reflection-grating" is convergent, distor- 
tion-free, and plane-parallel. 

(b) Because a phase-conjugation vertical-cavity surface-emitting laser 
comprises an 'n+-N-i-P-p+-P-i-N-n+-N-i-P-p+-P-i-N-n+' or 'p+-P-i-N-n+-N-i- 
P-p+-P-i-N-n+-N-i-P-p+' 15, 17, 19, 21 (Fig 9) contact-layer-sharing quadru- 
ple-heterostructure diode-laser architecture, an effective control over the 
amount and propagation direction of intracavity produce multiple counter- 
propagating phase-matched photonic wave-fronts can be utilized to selec- 
tively switch between the intracavity production of 'small-period reflection- 
gratings' and 'large-period transmission-gratings'. 

(c) The total elimination, along with the manufacturing processes associ- 
ated with their construction of what is typically known in prior-art VCSEL 
diode laser design as primary quarterwave DBR mirror-stack assemblies, or 
base quarterwave DBR mirror-stack reflectors, which are replaced, as illus- 
trated in Figs 7, 8, 9, and 15, by the present inventions monolayered corner- 
cube prism waveguide 13. 

(d) The use of a corner-cube prism waveguide, which is located at the 
base of the present invention's vertical-cavity and replaces the more conven- 
tional metallic-alloy or sapphire substrates and/or planar-flat multilayered 
primary quarterwave DBR mirror-stack assemblies 3 (Figs 1, 2, and 3) nor- 
mally used in prior-art VCSEL designs with a single layered monolithic struc- 
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ture that transmits any and/or all wavelengths of optical radiation produced 
by a PCVCSEL's active-region. 

(e) The corner-cube prism waveguide 13 used in the present invention is 
monostructural (i.e., formed into a single shape from a single material) poly- 
hedron, which is geometrically complex, but structurally simply, as opposed 
to quarterwave DBR mirror-stack assemblies 3 used in prior-art VCSEL diode 
lasers, which are geometrically simple, but structurally complex, and com- 
prise multilayered structures having a multitude of epitaxially and alternately 
deposited thin-film planar-flat quarterwave plates that are constructed from 
materials having opposed refractive indices. 

(f) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), when constructed from (Si20) "Fused Silica" is in- 
expensive and easy to manufacture, as opposed to quarterwave DBR mirror- 
stack assemblies. 

(g) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), when constructed from (Si20) "Fused Silica" is 
moisture resistant, as opposed to some quarterwave DBR mirror-stack assem- 
blies. 

(h) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), when constructed from (Si20) "Fused Silica" is re- 
sistant to heat, as opposed to some quarterwave DBR mirror-stack assemblies. 

(i) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), when constructed from (Si20) "Fused Silica" is non- 
conductive, as opposed to some quarterwave DBR mirror-stack assemblies. 
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(j) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), when constructed from (Si20) "Fused Silica" is non- 
polarizing to intracavity produced light, as opposed to some quarterwave DBR 
mirror-stack assemblies. 

(k) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), when constructed from (Si20) "Fused Silica" is 
amorphous (i.e., a material made up of molecules that lack a distinct crystal- 
line structure) and therefore, has an absolute lattice-mismatch to diode con- 
structing semiconductor materials like (GaAs) "Gallium-Arsenide" and (Al- 
GaAs) "Aluminum-Gallium-Arsenide, and to other Zinc-blend semiconductor 
materials, as well. This tends to promote greater reflectivity at the material 
interface between a PCVCSEI/s first contact-layer 14 (Figs 7, 8, 9, and 15) 
and the PCVCSEL's corner-cube prism waveguide. 

(1) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15), by having a transverse light reflecting geometry, the 
waveguide, by folding back onto itself the laser's vertical-cavity has the abil- 
ity to internally redirect "180" degrees all optical radiation that enters its 
plane-parallel, flat-horizontal, and normal top front-face surface 13D (Figs 16 
and 17). 

(m) The present invention's monostructural corner-cube prism waveguide 
13 (Figs 7, 8, 9, and 15) also increases the present invention's modal- 
discrimination by extending a diode laser's optical cavity length, which intro- 
duces loss to the diode laser's higher moded light and therefore introduces 
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gain to the diode laser f s fundamental moded light, which in turn produces 
fundamental lower moded laser-light output emission. 

Operation - Figs 13, 14, 15, and 16 

The manner of using the present invention is based upon a method to in- 
corporate a process of intracavity degenerate four-wave mixing into a VCSEL 
diode laser design. The present invention is called a "Phase-Conjugation Ver- 
tical Cavity Surface Emitting Laser" (PCVCSEL), which would produce 
phase-conjugated, convergent, distortion free (i.e., reversal of intracavity dis- 
tortions like diffraction, divergence, and light-scattering), and collimated 
(i.e., plane parallel phase fronts) laser output emission. 

Moreover, the degenerative four-wave mixing (i.e., called four-wave 
mixing because there are four frequencies of phase-matched laser beam light 
involved in the phase-conjugate process) 27A, 27B, 28A, 28B, 30, 32 (Fig 15) 
that occurs within the nonlinear material 50 (Fig 13), 64 (Fig 14) used to con- 
struct a PCVCSEL diode laser is called 'intracavity' because the process of 
phase-conjugation occurs inside the PCVCSEL's vertical-cavity between two 
feedback providing light-reflecting structures (i.e., sometimes called mirrors). 

Moreover, the semiconductor materials used in the construction of a 
PCVCSEL's vertical-cavity are nonlinear; therefore, they exhibit third-order 
susceptibilities necessary in producing a phase-conjugated mirror 26 (Fig 15). 
The nonlinear materials that exhibit third-order susceptibilities are not lim- 
ited to binary semiconductor materials like (GaAs) "Gallium-Arsenide", 
(InAs) "Indium-Arsenide", (InP) "Indium-Phosphide", and (GaSb) "Gallium- 

Antimonide", semiconductor materials that have a 'Cubic 1 crystal-symmetry of 
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'Class^Sm 1 and a space-group of "216", but are also exhibited in photo- 
refractive materials like (KDP) "Potassium-Dihydrogen-Phosphate", and 
(ADP) "Ammonium-Dihydrogen-Phosphate", photo-refractive materials that 
have a 'Tetragonal' crystal-symmetry of 'Class-142d f and a space-group of 
"122". Therefore, certain nonlinear photo-refractive can also be used in the 
construction of a PCVCSEL's vertical-cavity 50 (Fig 13), 64 (Fig 14) and 
therefore, used for the production of phase-conjugated and distortion free la- 
ser output emission. 

In addition, is a four-wave mixing geometry, as illustrated in Fig 13, 
which is currently used by prior-art to produce phase-conjugated optical ra- 
diation within bulk nonlinear materials (e.g., Potassium-Dihydrogen- 
Phosphate and Ammonium-Dihydrogen-Phosphate). As presented in and, 
taught by the prior-art (Fig 13) the process of four-wave mixing typically be- 
gins by using two coherent sources of external optical radiation (i.e., laser- 
light) to form interference gratings in the previously mentioned bulk nonlin- 
ear material, these coherent sources of laser-light are typically labeled as 
"Pump 1" 46 (Fig 13) and as "Pump 2" 47 (Fig 13). By focusing two coherent 
sources of laser-light, labeled as "Pump 1" 46 (Fig 13) and as "Pump 2" 47 
(Fig 13), into a bulk nonlinear material 50 (Fig 13) like KDP or ADP at the 
correct off-axis angle of incidence 56, 57 (Fig 13), two different types of spa- 
tial gratings 51 (Fig 13) can be made to form at the center of the previously 
mentioned bulk nonlinear material 51 (Fig 13). A PCVCSEL uses a four-wave 
mixing geometry that is different from the mixing geometry used by the pre- 
sented prior-art. A PCVCSEL uses a four-wave mixing geometry that is based 
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upon the use of thin nonlinear materials (e.g., Gallium-Arsenide or Indium- 
Arsenide) as its mixing medium. 

Additionally, wave-fronts 27A, 27B, 28A, 28B (Fig 15) produced by a 
PCVCSEL's two active-area internal laser pumps 15B, 21B (Fig 15) (i.e., 
called Pump 1 and Pump 2) will intersect 26 (Fig 15) with wave-fronts 29, 31 
(Fig 15) produced by the PCVCSEL's other two active-area internal laser 
probes 17B, 19B (Fig 15) (i.e., called Probe 1 and Probe 2) within a thin 
nonlinear material 50 (Fig 13), 64 (Fig 14), which is located at the center of a 
PCVCSEL's vertical-cavity. The previously mentioned intersections will 
cause small and large spatial-gratings 51 (Fig 13), 65 (Fig 14) to form within 
a thin nonlinear material 50 (Fig 13), 64 (Fig 14), which in turn are used to 
create a PCVCSEL's phase-conjugate mirror. A PCVCSEL using the previ- 
ously mentioned four-wave mixing geometry for thin nonlinear material will 
cause two different spatial gratings 51 (Fig 13) to form within its thin nonlin- 
ear material mixing medium, which is also, for the preferred embodiment, the 
material used for constructing a PCVCSEL's four active-regions. 

However, before proceeding with any descriptions of the present inven- 
tion's operation, as an overview, lets take a closer look at the geometry cur- 
rently used in prior-art 'degenerate four-wave mixing', as illustrated in Fig 
13. 

In addition, as taught in the prior-art, a four-wave mixing geometry is 
typically used to create a first type of spatial grating called 'small period- 
grating' 51 (Fig 13). By using the previously mentioned geometry, as illus- 
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trated in Fig 13, the previously mentioned 'small period-grating 1 is written 
within a bulk nonlinear material like ADP. 

For example, a 'small period-grating 1 is written within a nonlinear mate- 
rial by pump-one's 46 (Fig 13) external (i.e., external meaning the laser used 
to produce spatial gratings is outside the nonlinear material) laser-beam num- 
ber "1" 56 (Fig 13), as it intersects within the bulk nonlinear material with 
probe-two's 49 (Fig 13) external laser-beam number "2" 53 (Fig 13). The re- 
sulting interference, will in turn, form a 'small period-grating' 51 at the cen- 
ter of the mixing geometry's bulk nonlinear material 50 (Fig 13). 

Moreover, a 'reflection-grating' is written when probe-one's 48 (Fig 13) 
laser-beam number "1" 54 (Fig 13) back-scatters off the 'small period-grating' 
written by pump-one's 46 (Fig 13) external laser-beam number "1" 56 (Fig 
13) as it intersects with probe-two's 49 (Fig 13) external laser-beam number 
"2" 53 (Fig 13). A 'reflection-grating' will generate a counter propagating 
and distortion removing phase-conjugate laser-beam number "4" 55 of probe- 
one's 48 (Fig 13) external laser-beam number "3" 54 (Fig 13). 

Additionally, as an alternative example, a 'small period-grating' is writ- 
ten within a bulk nonlinear material by pump-two's 47 (Fig 13) external la- 
ser-beam number "1" 57 (Fig 13), as it intersects within the bulk nonlinear 
material with probe-one's 48 (Fig 13) external laser-beam number "2" 54 (Fig 
13). The resulting interference, will in turn, form a 'small period-grating' 51 
at the center of the mixing geometry's bulk nonlinear material 50 (Fig 13). 

Moreover, a 'reflection-grating' is written when probe-two's 49 (Fig 13) 
external laser-beam number "1" 53 (Fig 13) back-scatters off the 'small pe- 
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riod-grating' written by pump-two's 47 (Fig 13) external laser-beam number 
"1" 57 (Fig 13), as it intersects with probe-one's 48 (Fig 13) external laser- 
beam number "2" 54 (Fig 13). Additionally, a deflection-grating 1 will gener- 
ate a counter propagating and distortion removing phase-conjugate laser-beam 
number "4" 52 of probe-two's 49 (Fig 13) external laser-beam number "3" 53 
(Fig 13). The two phase-conjugated number "4" laser beams 55, 52 generated 
by the two 'reflection-grating 1 examples are shown by prior-art to be conver- 
gent, distortion-free, and plane-parallel. 

In addition, as presented by prior-art, a four-wave mixing geometry is 
also typically used to create a second type of spatial grating called 'large pe- 
riod-grating 1 51 (Fig 13). By using the geometry, as illustrated in Fig 13, the 
previously mentioned 'large period-grating' is written within a bulk nonlinear 
material (e.g., ADP). 

For example, a 'large period-grating 1 is written within a bulk nonlinear 
material by pump-one's 46 (Fig 13) external (i.e., external meaning the laser 
used to produce spatial gratings is outside the nonlinear material) laser-beam 
number "1" 56 (Fig 13) as it intersects within the bulk nonlinear material 
with probe-one's 48 (Fig 13) external laser-beam number "2" 54 (Fig 13). 
The resulting interference, will in turn, form a 'large period-grating' 51 at the 
center of the mixing geometry's bulk nonlinear material 50 (Fig 13). 

Moreover, a 'transmission-grating' is written when probe-two's 49 (Fig 
13) external laser-beam number "3" 53 (Fig 13) back-scatters off the 'large 
period-grating' written by pump-one's 46 (Fig 13) external laser-beam number 
"1" 56 (Fig 13) as it intersects with probe-one's 48 (Fig 13) external laser- 
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beam number "2" 54 (Fig 13). A ! transmission-grating , will generate a for- 
ward propagating and distortion removing phase-conjugate laser-beam number 
"4" 55 of probe-two's 49 (Fig 13) external laser-beam number "3" 53 (Fig 
13). 

Additionally, as an alternative example, a ! large period-grating 1 is writ- 
ten within a bulk nonlinear material by pump-two's 47 (Fig 13) external la- 
ser-beam number "1" 57 (Fig 13) as it intersects within the bulk nonlinear 
material with probe-two's 49 (Fig 13) external laser-beam number "2" 53 (Fig 
13). The resulting interference, will in turn, form a f large period-grating 1 51 
at the center of the mixing geometry's bulk nonlinear material 50 (Fig 13). 

Moreover, a 'transmission-grating* is written when probe-one's 48 (Fig 
13) external laser-beam number "1" 54 (Fig 13) back-scatters off the 'large 
period-grating' written by pump-two's 47 (Fig 13) external laser-beam number 
u l" 57 (Fig 13) as it intersects with probe-two's 49 (Fig 13) external laser- 
beam number "2" 53 (Fig 13). A 'transmission-grating' will generate a for- 
ward propagating and distortion removing phase-conjugate laser-beam 52 of 
probe-one's 48 (Fig 13) external laser-beam number "3" 54 (Fig 13). The two 
phase-conjugated laser beams 55, 52 generated by the two 'transmission- 
grating' examples are shown by prior-art to be convergent, distortion-free, 
and plane-parallel. 

In addition, as illustrated in Fig 14, is the present inventions mixing ge- 
ometry, which is used to model the intracavity degenerate four-wave mixing 
used in the PCVCSEL design. If the nonlinear material medium used in a 
PCVCSEL's vertical-cavity is isotropic 64 (Fig 14), and we use "Degenerate 
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Four-Wave Mixing" (DFWM), we still create the same spatial gratings 65 (Fig 
14) previously mentioned (i.e., reflective-grating and transmission-grating), 
but using a different mixing geometry more relevant to PCVCSEL design. 

Moreover, as illustrated in Fig 14, a four-wave mixing geometry is typi- 
cally used to create a first type of spatial grating called ? small period-grating' 
64 (Fig 14). By using the geometry, as illustrated in Fig 14, the previously 
mentioned "small period-grating" is written within a thin nonlinear material 
(e.g., like GaAs). 

For example, a 'small period-grating' is written within a thin nonlinear 
material by pump-one's 60 (Fig 14) internal (i.e., internal meaning the laser 
beams used to produce spatial gratings are created inside the laser cavity con- 
taining the thin nonlinear material) laser-beam number "1" 68 (Fig 14) as it 
intersects within the thin nonlinear material with probe-two's 63 (Fig 14) in- 
ternal laser-beam number "2" 71 (Fig 14). The resulting interference, will in 
turn, form a 'small period-grating' 64 at the center of the mixing geometry's 
thin nonlinear material 64 (Fig 13). 

Moreover, a 'reflection-grating' is written when probe-one's 62 (Fig 14) 
internal laser-beam number "1" 70 (Fig 14) back-scatters off the 'small pe- 
riod-grating' written by pump-one's 60 (Fig 14) internal laser-beam number 
"1" 68 (Fig 14) as it intersects with probe-two's 63 (Fig 14) internal laser- 
beam number "2" 71 (Fig 14). A 'reflection-grating' will generate the counter 
propagating and distortion removing phase-conjugate laser-beam number "4" 
72 of probe-one's 62 (Fig 14) internal laser-beam number "3" 70 (Fig 14). 
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Additionally, as an alternative example, a 'small period-grating* is writ- 
ten within a thin nonlinear material by pump-two's 61 (Fig 14) internal laser- 
beam number "1" 69 (Fig 14) as it intersects within the thin nonlinear mate- 
rial with probe-one's 62 (Fig 14) internal laser-beam number "2" 70 (Fig 14). 
The resulting interference, will in turn, form a 'small period-grating' 65 at the 
center of the mixing geometry's thin nonlinear material 64 (Fig 14). 

Moreover, a 'reflection-grating' is written when probe-two's 63 (Fig 14) 
internal laser-beam number "1" 71 (Fig 14) back-scatters off the 'small pe- 
riod-grating' written by pump-two's 61 (Fig 14) internal laser-beam number 
"1" 69 (Fig 14) as it intersects with probe-one's 62 (Fig 14) internal laser- 
beam number "2" 70 (Fig 14). A 'reflection-grating' will generate a counter 
propagating and distortion removing phase-conjugate laser-beam number "4" 
73 of probe-two's 63 (Fig 14) internal laser-beam number "3" 71 (Fig 14). 
The two phase-conjugated number "4" laser beams 72, 73 generated by the 
'reflection-grating' examples are shown by the present invention to be conver- 
gent, distortion-free, and plane-parallel. 

In addition, as illustrated in Fig 14, a four-wave mixing geometry is also 
used to create a second type of spatial grating called 'large period-grating' 65 
(Fig 14). By using the geometry, as illustrated in Fig 14, the previously men- 
tioned 'large period-grating' is written within a thin nonlinear material (e.g., 
like Ga-As). 

For example, a 'large period-grating' is written within a thin nonlinear 
material by pump-one's 60 (Fig 14) internal (i.e., internal meaning the lasers 
used to produce spatial gratings are created inside the laser cavity containing 
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the thin nonlinear material) laser-beam number "1" 68 (Fig 14) as it intersects 
within the thin nonlinear material with probe-one's 62 (Fig 14) internal laser- 
beam number "2" 70 (Fig 14). The resulting interference, will in turn, form a 
'large period-grating 1 65 at the center of the mixing geometry's thin nonlinear 
material 64 (Fig 14). 

Moreover, a 'transmission-grating' is written when probe-two's 63 (Fig 
14) internal laser-beam number "3" 71 (Fig 14) back-scatters off the 'large 
period-grating' written by pump-one's 60 (Fig 14) internal laser-beam number 
"1" 68 (Fig 14) as it intersects with probe-one's 62 (Fig 14) internal laser- 
beam number "2" 70 (Fig 14). A 'transmission-grating' will generate a for- 
ward propagating and distortion removing phase-conjugate laser-beam number 
"4" 72 of probe-two's 63 (Fig 14) internal laser-beam number "3" 71 (Fig 14). 

Additionally, as an alternative example, a 'large period-grating' is writ- 
ten within a thin nonlinear material by pump-two's 61 (Fig 14) internal laser- 
beam number "1" 69 (Fig 14) as it intersects within the thin nonlinear mate- 
rial with probe-two's 63 (Fig 14) internal laser-beam number "2" 71 (Fig 14). 
The resulting interference, will in turn, form a 'large period-grating' 65 at the 
center of the mixing geometry's thin nonlinear material 64 (Fig 14). 

Moreover, a 'transmission-grating' is written when probe-one's 62 (Fig 
14) internal laser-beam number "1" 70 (Fig 14) back-scatters off the 'large 
period-grating' written by pump-two's 61 (Fig 14) internal laser-beam number 
"1" 69 (Fig 14) as it intersects with probe-two's 63 (Fig 14) internal laser- 
beam number "2" 71 (Fig 14). A 'transmission-grating' will generate a for- 
ward propagating and distortion removing phase-conjugate laser-beam 73 of 
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probe-one's 62 (Fig 14) internal laser-beam number "3" 70 (Fig 14). The two 
phase-conjugated laser beams 72, 73 generated by the 'transmission-grating 1 
examples are shown by the present invention to be convergent, distortion- 
free, and plane-parallel. 

In addition, as illustrated in Fig 15, is the present invention's usage of a 
PCVCSEL's structural geometry to describe the present invention's degenera- 
tive intracavity four-wave mixing, and how it specifically uses the 
PCVCSEL's structures to generate two different types of spatial gratings 26 
(Fig 15) within the PCVCSEL's vertical-cavity, and how they are used to cre- 
ate two different types of phase-conjugated laser-beam emissions 30, 32 (Fig 
15). 

Moreover, the laser-light emission wave-fronts produced by pump-one's 
60 (Fig 14) active-area 15B (Fig 15) have a negative radius of curvature, 
causing phase-waves that pump-one's active-area 15B produces to have a con- 
cave shape about its source. Additionally, the laser-light emission wave- 
fronts produced by pump-two's 61 (Fig 14) active-area 21B (Fig 15) will also 
have a negative radius of curvature, causing phase-waves that pump-two's ac- 
tive-area 21B produces to have a concave shape about its source, which are 
counter propagating to the emission phase-waves produced by pump-one's 60 
(Fig 14) internal laser-beam number "1" 68 (Fig 14). 

In addition, as illustrated in Fig 15, is the present invention's mixing ge- 
ometry, which is used to model the intracavity degenerate four-wave mixing, 
used by a PCVCSEL. If the thin nonlinear material medium used in a 
PCVCSEL's vertical-cavity is isotropic 64 (Fig 14), and we use "Degenerate 
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Four-Wave Mixing" (DFWM), we will create the same two spatial gratings 65 
(Fig 14) mentioned earlier (i.e., reflective-grating and transmission-grating), 
but using a different mixing geometry that is more relevant to the PCVCSEL 
design. 

Moreover, as illustrated in Fig 15, a four-wave mixing geometry is typi- 
cally used to create a first type of spatial grating called 'small period-grating 1 
26 (Fig 15). By using the geometry, as illustrated in Fig 15, the previously 
mentioned "small period-grating" is written within a thin nonlinear material 
18 (Fig 9) (e.g., like GaAs). 

For example, a 'small period-grating' is written within a thin nonlinear 
material by pump-one's 15B (Fig 15) internal (i.e., internal meaning the laser 
beams used to produce spatial gratings are created inside the laser cavity con- 
taining the thin nonlinear material) laser-beam number "1" 28A, 28B (Fig 15), 
as it intersects within the thin nonlinear material 18 with probe-two's 19B 
(Fig 15) internal laser-beam number "2" 31 (Fig 15). The resulting interfer- 
ence, will in turn, form a 'small period-grating' 26 at the center of the mixing 
geometry's thin nonlinear material 18 (Fig 9). 

Moreover, a 'reflection-grating' is written when probe-one's 17B (Fig 15) 
internal laser-beam number "1" 29 (Fig 15) back-scatters off the 'small pe- 
riod-grating' written by pump-one's 15B (Fig 15) internal laser-beam number 
"1" 28A, 28B (Fig 15) as it intersects with probe-two's 19B (Fig 15) internal 
laser-beam number "2" 31 (Fig 15). A 'reflection-grating' will generate a 
counter propagating and distortion removing phase-conjugate laser-beam 
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number "4" 30 of probe-one's 17B (Fig 15) internal laser-beam number "3" 29 
(Fig 15). 

Additionally, as an alternative example, a 'small period-grating' is writ- 
ten within a thin nonlinear material by pump-two's 21B (Fig 15) internal la- 
ser-beam number "1" 27A, 27B (Fig 15) as it intersects within the thin non- 
linear material with probe-one's 17B (Fig 15) internal laser-beam number "2" 
29 (Fig 15). The resulting interference, will in turn, form a 'small period- 
grating' 26 at the center of the mixing geometry's thin nonlinear material 18 
(Fig 9). 

Moreover, a 'reflection-grating' is written when probe-two's 19B (Fig 15) 
internal laser-beam number "1" 31 (Fig 15) back-scatters off the 'small pe- 
riod-grating 1 written by pump-two's 21B (Fig 15) internal laser-beam number 
"1" 27A, 27B (Fig 15) as it intersects with probe-one's 17B (Fig 15) internal 
laser-beam number "2" 29 (Fig 15). A 'reflection-grating' will generate a 
counter propagating and distortion removing phase-conjugate laser-beam 
number "4" 32 of probe-two's 19B (Fig 15) internal laser-beam number "3" 31 
(Fig 15). The two phase-conjugated number "4" laser beams 30, 32 generated 
by the 'reflection-grating' examples are shown by the present invention to be 
convergent, distortion-free, and plane-parallel. 

In addition, as illustrated in Fig 15, a four- wave mixing geometry is also 
used to create a second type of spatial grating called 'large period-grating' 26 
(Fig 15). By using the geometry, as illustrated in Fig 15, the previously men- 
tioned 'large period-grating' is written within a thin nonlinear material 18 
(Fig 9) (e.g., like Ga-As). 
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For example, a 'large period-grating 1 is written within a thin nonlinear 
material 18 by pump-one's 15B (Fig 15) internal (i.e., internal meaning the 
laser beams used to produce spatial gratings are created inside the laser cav- 
ity containing the thin nonlinear material) laser-beam number "1" 28A, 28B 
(Fig 15) as it intersects within the thin nonlinear material 18 with probe-one's 
17B (Fig 15) internal laser-beam number "2" 29 (Fig 15). The resulting inter- 
ference, will in turn, form a 'large period-grating 1 26 at the center of the mix- 
ing geometry's thin nonlinear material 18 (Fig 9). 

Moreover, a 'transmission-grating' is written when probe-two's 19B (Fig 
15) internal laser-beam number "3" 31 (Fig 15) back-scatters off the 'large 
period-grating' written by pump-one's 15B (Fig 15) internal laser-beam num- 
ber "1" 28A, 28B (Fig 15) as it intersects with probe-one's 17B (Fig 15) in- 
ternal laser-beam number "2" 29 (Fig 15). A 'transmission-grating' will gen- 
erate a forward propagating and distortion removing phase-conjugate laser- 
beam number "4" 30 of probe-two's 19B (Fig 15) internal laser-beam number 
"3" 31 (Fig 15). 

Additionally, as an alternative example, a 'large period-grating' is writ- 
ten within a thin nonlinear material 18 by pump-two's 21B (Fig 15) internal 
laser-beam number "1" 27A, 27B (Fig 15) as it intersects within the thin non- 
linear material 18 with probe-two's 19B (Fig 15) internal laser-beam number 
"2" 31 (Fig 15). The resulting interference, will in turn, form a 'large period- 
grating' 26 at the center of the mixing geometry's thin nonlinear material 18 
(Fig 9). 
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Moreover, a ! transmission-grating ! is written when probe-one's 17B (Fig 
15) internal laser-beam number "1" 29 (Fig 15) back-scatters off the 'large 
period-grating' written by pump-two's 21B (Fig 15) internal laser-beam num- 
ber "1" 27A, 27B (Fig 15) as it intersects with probe-two's 19B (Fig 15) in- 
ternal laser-beam number "2" 31 (Fig 15). A 'transmission-grating' will gen- 
erate a forward propagating and distortion removing phase-conjugate laser- 
beam 32 of probe-one's 17B (Fig 15) internal laser-beam number "3" 29 (Fig 
15). The two phase-conjugated laser beams 30, 31 generated by the 'transmis- 
sion-grating' examples are shown by the present invention to be convergent, 
distortion-free, and plane-parallel. 

Furthermore, two phase-conjugate laser beams 30, 32 (Fig 15) after being 
generated by the reflection and transmission interference gratings will next 
cycle between a PCVCSEL's internal reflecting corner-cube prism waveguide 
13 (Figs 16 and 17) and the PCVCSEL's semi-reflecting quarterwave mirror- 
stack assembly 23 (Figs 7, 8, 9, and 15). The two phase-conjugate laser 
beams 30, 32 (Fig 15) are reflected "100" percent by a PCVCSEL's corner- 
cube prism waveguide backwards "180" degrees toward the PCVCSEL's semi- 
reflecting quarter-wave mirror-stack assembly 23, which is located at the top 
of the PCVCSEL's vertical-cavity. Some of the previously mentioned phase- 
conjugated light will be emitted as frequency selected and wavelength spe- 
cific laser radiation. For VCSEL devices, because they typically have such 
short vertical-cavities, it is imperative that the VCSEL's bottom reflector can 
reflect at least "99.99" percent of the optical radiation produced by the 
VCSEL's vertical-cavity, or the VCSEL device will suffer from optical loses 
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that will outweigh optical gain, and stimulated emission of laser light will not 
occur for the VCSEL device. 

However, a PCVCSEL's corner-cube prism waveguide will reflect a 
"100" percent all incident optical radiation that enters its front-face surface 
13D (Figs 16 and 17). This high degree of reflectivity is the result of three 
internal prism facets 13A, 13B, 13C (Figs 16 and 17), which reflect any inci- 
dent light-ray back parallel into its original direction 33C (Figs 16 and 17), 
no matter what angle of incidence the light-ray entered the front-face surface 
13D (Figs 16 and 17) of a PCVCSEL's corner-cube prism waveguide 13 (Figs 
16 and 17). 

Therefore, when a light-ray 33 (Figs 16 and 17) enters the front-face sur- 
face 13D (Figs 16 and 17) of a PCVCSEL's corner-cube prism waveguide it 
travels 33 A (Figs 15, 16, and 17) to one of the three prism faces, for example 
13A (Figs 15, 16, and 17), which is located at the bottom of the PCVCSEL's 
corner-cube prism waveguide. Wherein, the previously mentioned light-ray 
33 is reflected to a second prism face, for example 13B (Figs 15, 16, and 17), 
where it will be reflected 33B (Figs 15, 16, and 17), for example, to a third 
prism face 13C (Figs 15, 16, and 17). 

Moreover, after receiving the light-ray 33 the third prism 13C (Figs 15, 
16, and 17) will reflect it up and out 33C (Figs 15, 16, and 17) of the corner- 
cube prism waveguide's front-face surface 13D (Figs 15, 16, and 17) back- 
wards into a PCVCSEL's vertical-cavity, where it will continue to travel until 
it reaches the PCVCSEL's quarter-wave mirror-stack assembly 23 (Figs 7, 8, 
9, and 15), who's emitter 24 (Figs 7, 8, 9, and 15) will emit some of the 
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PCVCSEL's light as laser radiation. The location of a PCVCSEL's internal 
reflecting corner-cube prism waveguide is at the base of the PCVCSEL's ver- 
tical-cavity 13 (Figs 7, 8, 9, and 15), where it will replace the quarterwave 
DBR mirror-stack assembly normally used in prior-art VCSEL designs. 

Conclusion, Ramifications, and Scope 

Although the present invention has been described in detail with refer- 
ences to specific embodiments, various modifications can be made without 
departing from the scope of the invention. 

For example, in order to increase the device's energy (i.e., while decreas- 
ing the wavelength) per photon of emitted light, the device's active-regions 
could contain "Phosphorus" in an amount to form a lattice-matched ternary 
(InGaAsP) "Indium-Gallium-Arsenic-Phosphide", while another option could 
be the use of (GaAs) "Gallium-Arsenide" as a quantum well material in a 
PCVCSEL's various MQW active-areas. 

Moreover, another option could be to have a top and/or bottom quarter- 
wave DBR mirror-stack assembly composed of alternating layers of (AlAs) 
"Aluminum-Arsenide" and (InGaP) "Indium-Gallium-Phosphide" formed 
thereon. The various materials used along with their combined distributions 
are interchangeable within this design. The PCVCSEL design is therefore, 
independent from any semiconductor and optical material or other hybrid ma- 
terial thereof that might be used in a PCVCSEL's construction. 
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